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The Baggy and Pilton Beds outcrop in many of the north-south trending 
river valleys which traverse the North Devonshire region, in the Taw 
estuary, and along the western coast of North Devon, north of Barnstable 
(Bideford) Bay. Throughout the Devonian period, the North Devon area 
experienced alternating periods of marine and non-marine deposition, and 
the marine Upper Baggy and Pilton Beds record the final episode, in Late 
Devonian and Early Carboniferous times, after which conditions became more 
uniform. The Pilton Beds are a transitional sequence which cross the 
Devonian - Carboniferous boundary.
Conodont faunas of Upper Devonian and Lower Carboniferous age are 
represented in two large coastal exposures of the Upper Baggy and Pilton 
Beds, at Croyde Bay and Fremington Pill. A total of 3̂+ species, 
referable to l4 genera, of which three species are new, have been 
identified from these beds.
Three conodont assemblage zones have been established, one of which 
can be subdivided into an upper and lower subzone. All three assemblage 
zones may have only local application, and the youngest zone has been 
erected only tentatively. Lack of additional exposures of conodont 
bearing strata has made it impossible to test the regional validity of 
the zones.
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BaggyThe Upper ŷ and Lower Pilton Beds bear a fauna of Upper Famennian age 
and may be correlated with the Upper 'costatus' Assemblage Zone of the 
German type section, established by Ziegler (1962). These North 
Devonshire faunas contain spathognathodids of the costatus group, including 
Spathognathodus bischoffi, _S. aculeatus and S. ziegleri, all of which are 
diagnostic of Ziegler's 'costatus' Zone. In addition _S. strigosus, 
Pseudopolygnathus dentilineata, Polygnathus communis and Polygnathus cf.
P. nodomarginatus are elements common to both faunas.
There are certain significant differences between the conodont faunas 
of North Devon and those of Germany, namely the absence of _S. costatus 
ultimus and representatives of the genus Palmatolepis in the present 
succession. The absence of one or both of these forms may be the result 
of one or more of the following factors: inadequacy of fossiliferous 
samples, facies variation, geographic provincialism, or homeomorphic 
replacement. The relative importance of each of these possible causes 
is reviewed.
The Protognathodus kockeli Zone is also unrepresented in North Devon, 
however, a significant thickness of the uppermost Lower and the lowermost 
Upper Pilton Beds has proved unproductive and the P. kockeli Zone may be 
represented in that unfossiliferous sequence.
The Upper Pilton Beds yield conodont faunas only from the base of 
Goldring's (1956) local faunal division B, and these are provisionally 
correlated with part of the Cul Zone of Germany. The faunas are small 
arid, in general aspect, equally representative of Upper Devonian or Lower 
Carboniferous. However, the presence of a single specimen of P. pura pura 
and the absence of spathognathodids of the costatus group tentatively suggests
a Lower Carboniferous, Gattendorfia Stufe age.
The Pilton Beds and, to a lesser extent, the Baggy Beds of North
Devonshire have been subjected to low grade metamorphism and significant
deformation, with the result that conodont faunas could be recovered only 
from the intermittent limestone lenses found within the sequence. The 
sandstones and slates which dominate the succession proved impossible to 
disaggregate. Furthermore, the metamorphism and tectonism were responsible 
for the relatively poor state of preservation of the conodont faunas, many 
of the elements recovered being fractured and incomplete.
An Upper Devonian age is suggested for the strata which outcrop
in a road-cut 1 mile east of Bampton. This is based on the occurrence of
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CHAPTER I
GENERAL INTRODUCTION
Although the biological affinity and function of conodonts are problems 
yet to be solved, there can be no argument as to the usefulness of this group 
of organisms in stratigraphical correlation. In the last two decades research 
Has shown that conodonts are probably the most sensitive group of fossils 
available for both local and intercontinental correlation of Palaeozoic strata. 
European and North American roicropalaeontologists have made great strides in the 
recent past toward the provision of a more precise zonation of the Devonian and 
Carboniferous type sections of their respective countries. The result has been 
that the conodont assemblage zones erected for rocks of this age are more 
refined and accurate than those established on the basis of any other fossil group.
The fact that conodonts are apparently not greatly affected by variation in 
facies, has allowed close correlation between the two distinct facies, the 
Kohlenkalk and the Kulm, found in the Upper Devonian and Dinantian of Western
Europe.
The purpose of the present study is to describe conodont faunas of the 
Upper Devonian and Lowest Carboniferous of the North Devon area, as represented 
Ey the Upper Baggy and the Pilton Beds. A total of 209 horizons have been 
sampled and processed, yielding ¿±,296 identifiable conodont specimens.
On the basis of the conodont faunas, three Assemblage Zones have been 
erected for the Upper Baggy and the Pilton Beds. These Zones were established 
ln the Croyde Bay and Fremington sections, and may or may not have local 
application. The more general aspect of the total fauna recovered is consistent 
with faunas of Upper Devonian and Lower Carboniferous age from areas in both 
Europe and North America.
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The geological setting of the area investigated is discussed in greater 
detail in the succeeding chapter, (Chapter 3), which also introduces the 
palaeogeography of the North Devon region as a whole. The outcrops from which 
the bulk of the conodont faunas were obtained have been relatively highly deformed, 
and this has resulted in low grade metamorphism of many of the original sediments. 
High angled cleavage is a common feature in the slates, -which are the dominant 
lithological type. A good working knowledge of the structural complications is 
essential for the accurate location of any horizon sampled within the total Baggy 
and Pilton succession.
The productive horizons, in terms of conodont faunas, are the lenticular, 
fossiliferous limestone bands which occur irregularly throughout the succession. 
Stratigraphically they are more abundant in the Lower Pilton Beds, and within 
this subdivision they are most common in the lowest 500 feet. The limestone bands 
are often totally or partly decalcified and their lateral occurrence is limited 
ln aH  directions owing to their lenticular nature. Conodonts were not recovered 
from any of the lithologies represented in the Upper Baggy and the Pilton Beds, 
other than the fossiliferous limestone lenses. Many months and many methods of 
preparation (see Chapter 1+) were unsuccessfully employed in an attempt to retrieve 
conodonts from the slate and sandstone rocks with which the limestones were
associated.
li
Conodont specimens referable to thirteen genera have been identified from 
the material collected, four of which were of the platform type. The state of 
Preservation was, in general, only fair, and in terms of numbers the fauna from 
individual horizons varied enormously. Of the 209 horizons sampled, only 37 
yielded useful conodont faunas. Owing to the spasmodic occurrence of the 
Productive limestone bands, the conodont record displays more continuity in some 
Parts of the succession than in others.
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The fauna of the Upper Baggy and Lower Pilton Beds is interpreted as being 
°f uppermost Devonian age (toVl). Spathognathodus aculeatus, jS. bischoffi and 
zeigieri are represented together with an abundant Pseudopolygnat.hus 
dentilineata population. The genus Palmatolepis is absent from all the samples 
examined, but, despite the fact that _S. costatus ultimus is also unrepresented, 
the fauna is interpreted as being of ’upper costatus' zone age. In the upper 
part of the Lower Pilton Beds polygnathids of Lower Carboniferous aspect occur 
with the diagnostic Upper Devonian forms, which tends to substantiate the tenet 
that this fauna is youngest Devonian.
The faunas recovered from the Upper Pilton Beds are small by comparison 
with those of the underlying Pilton strata. They are smaller both in the total 
number of productive samples located, and in number of conodont specimens 
recovered. Wo diagnostic forms are present in these Upper Pilton beds, the 
fauna having few elements that are not present in the upper portion of the Lower 
Pilton Beds. Important differences between this fauna and that of the underlying 
Pilton division are the absence of spathognathodids (except for one rather dubious, 
incomplete specimen); the dominance of polygnathids (of the same type which are 
first seen in the upper portion of the Lower Pilton Beds) as the only platform 
elements; and the occurrence of a single specimen of Polygnathus pura pura.
No definitive conclusions can be made regarding the precise age of the Upper Pilton 
Beds, but the absence of typical Devonian forms and the presence of ¡conodonts more




HISTORICAL REVIEW OF PREVIOUS RESEARCH
SECTION A - CONODONT RESEARCH AND APPLICATION OF UPPER DEVONIAN AND LOWER 
CARBONIFEROUS CONODONT ZONATION IN THE BRITISH ISLES.
Although conodonts were reported from several localities in Britain soon 
after they were first described by Pander (1856), little attention was paid to 
them at this time. As with other countries of the world, the past 30 or i+O 
years has proved to be the most productive in terms of conodont research. The 
lowest stratigraphic occurrence of conodonts in Britain are 'paraconodonts' from 
the Cambrian Comley Limestone of Shropshire. This occurrence was noted by
Walliser (1958).
Conodonts have been recorded from various horizons in the Ordovician of 
Britain, including the Lower Arenig cherts and shales of the Southern Uplands 
(Smith 1907: Lamont & Lindstrôm 1957), the Lower Llandeilian, Llandeilo 
Limestone of the Llandeilo district (Rhodes 1953), the Upper Llandeilian and 
Basal Caradocian chert and shales in the Southern Uplands (Smith 19Q7: Lamont & 
LindstrBm 1957), the Middle Caradocian (Climacograptus wilsoni) shale of 
Southern Scotland (Lindstr8m 1957), the middle and upper Caradocian Gelligrin 
srid Pen-y-garnedd Limestones of North Wales (Rhodes 1953), the middle Upper 
Caradocian (Dicranograptus elingani) Crug Limestone of Wales (LindstrBm 1959)
^ d  the Ashgillian Keisley Limestone of Westmorland (Rhodes 1955)-
Conodonts from the Silurian of Britain have been described by several 
workers, and include faunas from the Pentamerus Beds of Shropshire (Whittard 1927),
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the Upper Silurian Bone Beds of Allenheads (Moore 1864), the Upper Silurian of 
Wrens Nest, Dudley Tunnel, Staffordshire and Benthall Edge etc. of Shropshire 
(Smith & Jones l88l), the Ludlow Bone Bed (Harley l86l), the Aymestry Limestone 
(Rhodes 1953: Rhodes & Newall 1963), and the Ludlovian of Shropshire and 
Herefordshire (Ireland 1958). Conodont faunas have also been described from a 
conglomeratic limestone in the Llandovery of the Malvern Hills (Brooks & Druce 
1965), and from the Wenlock Limestone of the Usk Inlier (Austin & Bassettl967).
Little published research has appeared on the occurrence and distribution 
°f conodonts in the Devonian rocks of Great Britain. Rhodes and Dineley (1957a, 
1957b) reported the presence of conodonts in this system from localities in both 
North and South Devonshire. The publications produced by these authors were 
brief and intended essentially as survey reports indicating that conodont faunas 
could be recovered from many outcrops within the Devonian of south-west England. 
Conodonts from the Baggy and Pilton Beds were mentioned in a paper by Austin,
Druce, Rhodes & Williams (1970). This work was an examination of the usefulness 
and value of conodonts in the recognition of the Devonian - Carboniferous boundary.
The present study is the first major work on the application of conodont 
zonation to the Upper Devonian rocks of Great Britain, but much, as yet unpublished, 
research into the Middle and Upper Devonian conodont faunas of South Devon is in 
progress.
Until the past decade, the Carboniferous Limestone of Britain had only 
slightly more attention, with regard to conodont zonation and general conodont 
research, than had the Devonian system. Moore (1863 & 1870) investigated the 
Carboniferous Limestone of Yorkshire and Cumberland, and Fowler (1955) worked in 
County Tyrone, Eire. Robbie (1955) also worked in the Lower Carboniferous rocks 
of County Tyrone and Rhodes and Dineley (1957a) reported the presence of conodonts 
in the Tournasian rocks of the Avon Gorge. In 1965? Austin completed a Ph.D. 
thesis on the conodonts of the Avon Gorge, Bristol. He recognised 13 conodont
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assemblage zones in the Carboniferous Limestone which outcrops in the Gorge.
The overall conodont faunal sequence correlated favourably with that of the type 
sections of the Lower Carboniferous in North America and Europe, and this work 
marked the first major application of Lower Carboniferous conodont zonation in 
the British Isles. Rhodes, Austin & Druce (1969), re-examined the conodonts 
of the Avon Gorge and several other outcrops of Lower Carboniferous rocks in 
Britain, presenting their findings in a vitally important publication of the 
British Museum of Natural History. Conodont faunas recovered from Carboniferous 
outcrops in North East Devon, East Cornwall and South Devon have been described 
By Matthews and Thomas (1968), and Matthews (1969a, 1969b) respectively.
Austin (1968) has described the conodont faunas from two localities in 
Ireland in which Carboniferous Limestone rocks outcrop, namely, the Waulsortian 
Reef Limestone at Askeaton and from the Cork Red Marble at Midleton.
The Namurian rocks of Britain have yielded conodonts at various horizons as 
evidenced by the work of Fowler (19^4) in the Cleveland Hills, Dunham and 
Stubblefield (19^5) on the Millstone Grit of Yorkshire, Stevenson and Mitchell 
(1955) on the Millstone Grit of the Midlands, and Higgins (1961) on the Namurian 
of North Staffordshire. The latter work was completed as a doctoral thesis and 
contains systematic descriptions of the genera and species of conodonts 
characterising the Namurian of this area.
Austin (personal communication) is at present involved in work on conodonts 
of Namurian age, and the present author, with the assistance of Mr. G.T. George, 
has recovered conodonts of El age from the Namurian of Pembrokeshire.
There are no systematic descriptions of post-Namurian conodonts from Great 
Britain, although their presence has been recorded in the Coal Measures. The 
following authors have noted the occurrence of conodonts in the Coal Measures of
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various regions of Britain: Currie, Duncan & Muir Wood (1937) in the Coal 
Measures of Central and West Scotland, Mitchell, Stubblefield and Crookall (19^2 & 
19^5) in the Warwickshire and northern South Staffordshire Coal Field, Edwards & 
Stubblefield (19^8) in the Derbyshire and Nottinghamshire Coal Field, Ramsbottom 
(1952) and Woodland, Archer, Evans & Calver (1957) in the South Wales Coal Field, 
Edwards (195̂ +) in the Derbyshire and Nottinghamshire Coal Field, Mitchell (195A), 
Eden (195^)5 Stevenson and Mitchell (1955) and Stubblefield and Calver (1955) in 
the Midlands Coal Field, Earp and Magraw (1955) in the Lancashire Coal Field,
Manson (1957) in the Anthraconaia modiolaris Zone in Scotland and Magraw (1957) 
in the Lancashire, Derbyshire and Yorkshire Coal Fields.
There are no references to post-Coal Measure conodonts in Britain.
Figure I indicates the conodont assemblage zones established by Rhodes, 
Austin & Druce (1969) for the British Avonian, using the Avon Gorge and North 
Crop of the South Wales Coal Field successions as their type sections. The 
table further shows the relationship of these conodont zones to the coral- 
brachiopod divisions of Vaughan (1905) and to the goniatite zones of Europe.
FIGURE 1
CQNQDON T ZONATION OF THE BRITISH AVQNIAN SHOWING 
THE RELATIONSHIP OF IHE ZONES TO THE CO RA l/ b R AC H IQ POD 
DIVISIONS OF VAUGHAN (1 9 0 6 ), AND TO IH E  GONIATITE 
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SECTION B - PREVIOUS STUDIES IN THE NORTH DEVON AREA WITH PARTICULAR 
REFERENCE TO THE PILTON BEDS
Geological research in North Devon was initiated in 1836 when Sedgwick and 
Murchison produced maps and sections of the area and indicated that it constituted 
the northern limb of a large syncline. Weaver (1838) and Williams (1839) 
published short papers in the succeeding years describing and naming the rocks of 
the county.
In 1839j De la Beche completed a "Geological report on Cornwall, Devon and 
West Somerset", in which he emphasised the occurrence of two groups of shales, 
sandstones and calcareous rocks in North Devon. He showed the boundary between 
these two accumulations to run east from Fremington and through Bampton.
Included in his report were excellent sketch sections across North Devon which 
elucidated his conclusions.
Sedgwick and Murchison (l84o) described the structure and older deposits 
of Devonshire, referring to the Pilton Beds as the 'fifth group' of rocks of the 
northern region of Devon. A comprehensive description of the main Pilton Bed 
outcrops is included in this work. One year later, Phillips (l84l) published 
a "Monograph of figures and Descriptions of Palaeozoic fossils from Cornwall,
Devon and West Somerset". It was in this work that Phillips first introduced 
"the name 'Pilton', and he included in the 'Pilton Group', the sandstones and 
slates of Woolacombe and the slates and thin limestones of Baggy Point, Croyde Bay, 
Ihe Saunton foreshore and Fremington Pill. He states that this group "has yielded 
by far the largest proportion of the fossils of North Devon".
This timely monograph supplemented the first Geological Survey Memoir in 18^6, 
which included in its opening chapters a report on the formation of the rocks of 
South Wales and South West England by De la Beche.
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In this memoir, De la Beche discussed the correlation of the Piiton Group 
with rocks of Upper Old Red Sandstone - Lower Carboniferous age in other areas 
of South Wales and Southern England, including the Petherwin Beds of South Devon.
Between the years 1851 and 1865 Davidson compiled and oublished his work on 
the British Fossil Brachiopods which included a monograph of Devonian Brachiopods 
(Davidson l86h - 1865).
Salter (1863) produced the next important contribution to research in this 
area. He noted the overall similarity between the Pembrokeshire and North 
Devonshire sections and looked more closely at the 'Piiton Group' of Phillips.






Phillips' 'Piiton Group' included within it the Upcott, Baggy and Piiton Beds. 
Salter subdivided Phillips' group into three, calling the two lower divisions 
(the Upcott & Baggy Beds of current usage) the Marwood Beds, and the upper, the 
uPper part of the 'Piiton Group' of Phillips. Salter correlated the Marwood Beds 
with the Upper Old Red Sandstone and the upper part of the 'Piiton Group' of 
Phillips with an unknown, or very thin, accumulation of rock at the base of the 
Lower Limestone Shales.
In 1866 Jukes made his contribution to the explanation of the Geological 
structure of North Devon but added little that was not already known. Etheridge 
(1867) and Hall (1867) produced geological sketch maps in their respective 
Publications. Within the Piiton Beds as we know them today, the former worker 
recognised three separate rock units (a) the Croydon Beds, (b) the Braunton and
10
Hilton Beds and (e) the Barnstable Beds, in ascending order. Etheridge also 
presented a well documented summary of previous work and included many faunal 
lists and correlation charts for rocks of Devonian and Lower Carboniferous age 
ln Great Britain and parts of Europe. Hall's map is very close to those of 
the present day with regard to the Pilton Beds, and he also included detailed 
faunal lists from the strata of Upper Devonian age in the north of the county.
Hull (1878) agreed with Jukes that the Upper Baggy Beds and Pilton Beds 
were equivalent to the Lower Carboniferous Slate and the Coomhola Grits of 
Southern Ireland. He contributed a table of correlation between North Devon 
and Southern Ireland.
Ussher and Champerknowne (1879) published a series of north-south geological 
sections across the western part of Somerset, showing the relationship and inland 
occurrence of the various rock divisions of North Devon. It was these authors 
that were responsible for the initiation of the name 'Baggy Beds’.
In 1880, Hull, continuing his work in the area, proposed the name Upcott Beds 
for the slates between the Pickwell Down Sandstone and the Baggy Beds, but this 
division was not recognised by his contemporaries. Salter (l863) had regarded 
these slates as a separate unit but called them the Lower Marwood Beds.
Ussher (l88l) summarised the controversy which had developed over the North 
Devon sequence. There were two schools of thought; the first, upheld by Sedgwick 
^ d  Murchison, was that there was a conformable descending series from the Culm 
through the Devonian and that the Devonian marine deposits were equivalent to the 
Old Red Sandstone. Other followers of this theory were Etheridge, Phillips and 
Hall. The alternative interpretation, proposed by Jukes and partially upheld by 
Hull, was that the Lower Culm and Devonian of Devonshire were partly correlative 
with the Carboniferous Slate of Southern Ireland and partly with the Old Red 
Sandstone, and that the North Devon section was repeated by a huge East-West fault.
11
Ussher favoured, the first theory and gave his own stratigraphic table for 
North Devon. In this table he placed the Pickwell Down Sandstone, the Baggy 
and the PiIton Beds as three sub-divisions of the Upper Devonian.
Hicks (1896a, 1896b) described the lithology and fauna of the North Devon 
deposits, publishing Whidbourne's preliminary faunal list for the Baggy and 
Pilton Beds. Between the years 1896 - 1907, Whidbourne wrote his monograph 
0n the Devonian fauna of South-East England. This two volume work was of great 
geological value.
Ussher (19OO) subsequently presented more detailed maps and endorsed his 
reJection of Hull's term, Upcott Beds, and Woodward (1902) produced a paper on 
a G°Hection of trilobites from the Lower Culm of Devonshire.
In 1910 Hambling and Rogers conducted an excursion to North Devon, the 
Proceedings of which were published in a short paper which was accompanied by a 
fine geological map of the region. These two authors, like Ussher, failed to 
recognise the Upcott Beds of Hull as a distinct unit, and on their map included 
"them in the Pickwell Down Sandstone. In this same year Dewey described some 
°I the igneous rocks to be found in the North Devon area.
Arber and Goode (1916) described the flora of the Baggy Beds, and Evans (1922) 
Published his interpretation of the geology of North Devon. This coincided 
almost entirely with the interpretation of Etheridge (1867), even to the extent 
that Evans reproduced Etheridge's map. Evans did suggest one amendment, however, 
ln substituting the names Lower, Middle and Upper Pilton Beds for Etheridge's 
"terms, Croydon, Braunton & Pilton, and Barnstable Beds respectively.
Shannon (1928) provided a comprehensive petrographic analysis of the more 
abundant Devonian sediments to be found in Devonshire, including the sandstones 
an<I slates of the Pilton and Baggy Beds.
IP
Reed (19L3) and (19M+) re-examined the Upper Devonian brachiopods and 
trilobites collected by Whidbourne.
In the past there has been much controversy over the precise position and age 
of the Pilton Beds within the Devonian and Carboniferous systems. As a result 
of this it has been difficult to correlate these rocks with other areas of 
Great Britain and Europe. A detailed discussion of the correlation of these 
Leds can be found in Chapter 7 . For the present it will surfice to say that 
many authors have attempted to evaluate the precise age of the Pilton Beds, and 
Goldring ( 1 9 5 5 ,  1956) has undoubtedly been the most successful. On the basis 
°f diagnostic brachiopod, trilobite and cephalopod species, Goldring recognised 
the existence of three local faunal divisions in the Pilton Beds. The youngest 
fauna is of Lower Carboniferous age, and the two older faunas are of Uppermost 
Devonian age. Furthermore, Goldring agreed with Hull that the Upcott Beds 
should be recognised as a separate rock group.
Prentice (i960) studies the Dinantian, Namurian .and Lower Westphalian rocks 
south-west of Barnstable. He recognised a fourth local division of the Pilton 
Beds (Pilton Beds D) immediately above the youngest faunal division of Goldring 
below the Chert Beds (Codden Hill Cherts).
Today, the generally accepted succession for the rocks in stratigraphical 
Proximity to the Pilton Beds is as follows:-
After Goldring (1956) and Prentice (i960)
Lower Carboniferous
Upper Devonixan —
Lower Culm (Chert Beds)






1 Lower Pilton Beds
Pickwell Down Sandstone
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SECTION C - CEPHALOPOD ZONATION OF ROCKS OF EQUIVALENT AGE TO THE PILTON BEDS
At the First International Congress of Carboniferous Stratigraphy at Heerlen 
in 1927, it was agreed that cephalopods should have priority among index fossils 
ln zoning the Upper Devonian and Lower Carboniferous. Cephalopods possessed all 
the necessary requirements for subdivision and correlation. It was agreed to 
Place the Devonian - Carboniferous boundary above the Gonioclymenia stage.
As a result of studies conducted by Packelmann and Schindewolf, it was proposed 
that the boundary between the Wocklumeria and Gattendorfia stages be taken as the 
lower limit of the Carboniferous. This proposal was accepted internationally at 
the Second Congress of Carboniferous Stratigraphy at Heerlen in 1935- Figure 2 
shows the present standard stages and cephalopod zones used in the subdivision of 
Upper Devonian and Lower Carboniferous rocks in western Europe. Since 1935 it 
has been found that more accurate and detailed subdivision can be accomplished by 
using other fossil groups, in particular conodonts, foraminifera and spores.
The relationships between the conodont zones and the classic-Upper Devonian and 
lower Carboniferous cephalopod zones will be discussed in sections D & E.
Since the turn of the century it has been generally accepted that the Pilton 
Beds were a transition group between the Devonian and Carboniferous. Goldring 
(l956), confirmed the age of these beds, indicating that the Lower Pilton Beds 
were of Wocklumeria age and the Upper of Gattendorfia age. In the Fremington Pill 
section Goldring recovered a species of the genus Gattendorfia. and, although he 
uncovered no representatives of the genus Wocklumeria in the Lower Pilton Beds,
Ihe trilobite and brachiopod fauna of this portion of the Pilton Beds indicated 
a Wocklumeria. age. The conodont fauna of the Pilton Beds serves to endorse 
Uoldring's general conclusions.
Eight samples of hard grey slate from various horizons in the Croyde Bay
FIGURE 2
UPPER DEVONIAN AND LOWER CARBONIFEROUS 
STANDARD STAGES AND C F P H A LQ P O D  ZONES 
OF W ESTERN EUROPE
( adapted fro m  C o l l in s o n  S co tt  &  R e x ro a d  1962)
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section, (which Goldring interprets as Lower Pilton age) were sent to the 
University of Liège, Belgium, for the attention of the palynologist 
Professor M. Streel. Professor Streel, (personal communication) isolated 
specimens of the spore Hymenozonotriletes lepidophytus from three of these 
samples. This species exists in Belgium in strata of Tnla<*^, Tnla K and 
Tnlo«* age, confirming the fact that the Lower Pilton Beds generally can be 
equated with the late Devonian, Wocklumeria Cephalopod Stufe.
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SECTION Da - UPPER DEVONIAN AND LOWER CARBONIFEROUS CONODONT ZONES OF 
WESTERN EUROPE
During the late 1950's and the early 1960's, three important works were 
Puolished on this topic. Bischoff (1957) described the conodont stratigraphy 
of the rhenoherzynischen Lower Carboniferous, Wocklumeria - Stufe, and Devonian - 
CarDoniferous boundary, Voges (1959) described the conodonts of the Gattendorfia 
ari(t Pericyclus Stufen of Saurlandes, and Ziegler (1962) described the Upper 
Devonian conodonts of Germany. These studies prompted other workers to examine 
fhe conodonts of this time interval in other regions of Europe, but in many 
European countries it was difficult or impossible to locate complete sections 
ranging from Devonian into Carboniferous. Germany, for example, has no section 
where the Upper Devonian Wocklumeria Limestone is overlain directly by rocks of 
Gattendorfi a age.
Figure 3 shows the conodont zones of the Upper Devonian of Germany after 
Ziegler (1962), as compared with the cephalopod zones. Conodont zonation affords 
iar more detailed subdivision of the Frasnian and Fammenian strata. Ziegler 
recognised 10 Upper Devonian conodont assemblage zones, 8 of which could be 
i^rther subdivided into upper and lower, or upper, middle and lower sub-zones. 
ln all cases the upper and lower limits of the 10 zones correspond with the range 
°f the particular conodont which gives its name to the zone, and consequently each 
z°ne is very well defined.
The oldest Upper Devonian zone (tol<* - tol(/0)if) corresponds to the total 
stratigraphic range of Polygnathus asymmetrica, from which species it derives its 
name. Three sub-zones can be recognised on the absence or presence of 
— ‘ j-syrametrica asymmetrica, P. martenburgensis and Ancyrodella rotundiloba. This 
zone is equivalent to the lower Manticoceras Cephalopod Stufe. It was previously 
known as p. dubia zone.
FIGURE. 3_
CEPHALOPOD &_ CQNQDONT ZO N A TlON OF IH E  UPPER DEVONIAN 
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The Ancyrognathus triangularis is limited by the range of this species, 
and is of toli age. Wo sub-zones are recognised and this zone is correlated 
with the middle part of the Manticoceras Stufe.
The Paimatolepis gigas Zone corresponds to the range of the species which 
gives its name to the zone, and is of tol if to to6 age. It can be divided into 
Upper and Lower Subzones on the presence of Ancyrognathus asymmetrica and 
Paimatole-pis foliacea respectively. This zone is equated with the Upper 
Manticoceras Stufe, and was previously called the Paimatolepis rhenana Zone.
The range of Paimatolepis triangularis defines the Zone to which this species 
gives its name. It can be subdivided into three subzones on the basis of the 
Presence or absence of the following associated species, P. marginata marginata,
P. marginata clarki, and P. t enuipunct at a. Within this Zone occurs the boundary
between tol and toll, and although it is not proven, this Zone is thought to 
range from tol6 to the base of toll in age. It is thus correlated with the 
uppermost Manticoceras Stufe and possibly the lowermost Cheiloceras Stufe.
The Paimatolepis crepida crepida Zone takes its name from the species whose 
range defines its limits, and is of toll®* age. The Zone can be subdivided into 
Upper, Middle and Lower Subzones on the occurrence or absence of P. glabra glabra, 
and P. termini, and is equivalent to the Lower Cheiloceras Cephalopod Stufe.
The Paimatolepis rhomboidea Zone is limited by the range of occurrence of 
this species, and has no subzones. It is correlated with the Middle Cheiloceras 
Stufe, of toll^age.
The Palmatolepis quadrantinodosa Zone (toll^ to toIII01) is defined on the 
life range of this species, and subdivided into two subzones on the presence or 
absence of P. quadrantinodosa inflexa. It is correlated with the Upper 
Cheiloceras ~ Lower Prolobites Stufe.
The life span of Scaphignathus velifera delimits the Zone to which it gives
its name, and is equivalent to the Prolobites and Lower Prionoceras Stufe, 
( t o m a t o  lower toIV). Three Subzones can be recognised on the occurrence or 
absence of Pseudopolygnathus granulosa and Palmatolepis rugosa trachytera.
The Polygnathus styriaca Zone corresponds with the range of this species, 
and is of Upper to IV to Upper Middle toV age, being correlated with the upper 
Prinoceras and Clymenia Stufen. This Zone has three Sub zones based on the 
presence or absence of four other conodont species. The lower Subzone is limited 
by the presence of Polygnathus styriaca and Pseudopolygnathus granulosa. The 
middle Subzone is recognised by the presence of P. styriaca, after the extinction 
of P s eudop olygnat hu s granulosa and before the introduction of Spathognathodus 
jugosus. The upper Subzone is defined on the presence of P. styriaca and 
Pseudopolygnathus brevipennata, Pseudopolygnathus dentilineata and Spathognathodus 
jugosus.
The youngest Upper Devonian Zone of Ziegler is the Spathognathodus bischoffi 
Zone, which corresponds to the life span of this species. This species was until 
recently called Spathognathodus costatus costatus, but has been renamed 
Spathognathodus bischoffi Rhodes, Austin & Druce 1969, to overcome the confusion 
encompassing this spathognathodid group in terms of homeomorphy, (see discussion 
of Spathognathodus costatus p.213). Three Subzones are recognised within this 
Zone, and they are defined on the presence or absence of £>. costatus ultimus and 
Palmatolepis gonioclymeniae. The Zone is correlated with the Upper Clymenia and
Wocklumeria Stufen, Upper toV to toVI.
Ziegler (1962) noted that the upper boundary of -the Upper Spathognathodus 
bischoffi Zone was only ascertained indirectly, because the Hangenberg Shale 
directly overlies the uppermost sample of the Upper £>. bischoffi Subzone, from
which he had recovered no conodonts. Recent discoveries indicate that at least
i8
the lower part of this shale should he included in the S. bischoffi Zone. In 
1969 Ziegler recognised and recorded a new Zone within the Hangenberg Shale.
The Zone is called the Protognathodus kockeli Zone, based on Gnathodus kockeli, 
and it directly overlies the _S. bischoffi Zone and lies immediately below the 
Carboniferous.
Bischoff (1957) described the conodont stratigraphy of the rhenoherzynischen 
Lower Carboniferous with regard to the Wocklumeria Stage and the Devonian - 
Carboniferous boundary. He investigated the occurrence of conodonts in the 
Wocklumeria - Gattendorfia - Pericyclus and Goniatites Stages, setting up Zones 
for these Stages where possible. He commented on the fact that if there were 
a section in Germany where the Gattendorfia could be found resting directly on 
the Wocklumeria Limestone, then Gnathodus kockeli, (whose oldest occurrence is 
taken as the boundary between the Devonian and Carboniferous), could possibly be 
found associated with Devonian forms.
In his description of the Wocklumeria - Stufe toVI, Bischoff indicated that 
the lower boundary was taken at the extinction of Spathognathodus tridentatus 
which often occurs with Spathognathodus ziegleri in the Dasburg stage. The 
upper boundary of this stage coincided with the upper boundary of the genus 
Palmatolepis, together with the youngest occurrence of S. ziegleri, S. costatus 
ult im.us, Falcodus variabilis and Palmatodella delicatula. The fauna of the 
Wocklumeria Stage was distinguished by the occurrence of these twospathognathodid 
species and Palmatolepis gracilis, while other characteristic forms were 
Polygnathus communis and Pseudopolygnathus dentilineata.
The lower limit of the Gattendorfia Stage, Cul, was equated with the virtual 
extinction of the genus Palmatolepis and the species S. ziegleri and S. costatus 
ultimus. The extinction of Palmatodella delicatula, Falcodus variabilis and 
Spathognathodus inornatus also marked its lower limit. The genus Gnathodus
(Gnathodus kockeli) first appears and becomes extinct near the upper boundary.
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This species is the diagnostic conodont of this stage and other frequently 
occurring forms and Pseudopolygnathus dentilineata and Polygnathus communis. 
Pseudopolygnathus multi striata first appears in the Gattendorfia Stage.
The Pericyclus Stage Cull was subdivided by Bischoff into two Subzones.
The Lower Pericyclus division was termed the Siphonodella Subzone, CuII'x^B? 
and was characterised by the period of abundance of species of the genus 
Siphonodella. Siphonodellids were not found in the underlying Gattendorfia 
Stage, were reduced in the Upper Pericyclus and became extinct at the upper 
boundary of the Lower Goniatites Subzones. The lower boundary of the 
Siphonodella Subzone coincided with the first occurrence of this genus, while 
the upper boundary was equated with the decrease in its frequency. Other 
important associated forms were species of Polygnathus and occassional gnathodids.
The Upper Pericyclus Subzone was called the anchoralis - Subzone Cull 2 
and was defined by the abundance of Scaliognathus anchoralis. Its lower 
boundary was equated with the marked decrease in numbers of siphonodellids and 
the initiation of Scaliognathus anchoralis, Hindeodella segaformis and Gnathodus 
commutatus. The upper boundary was marked by the extinction of Scalognathus 
.anchoralis and Hindeodella segaformis. Polygnathids and gnathodids were the 
most important associated genera in the Subzone.
The Goniatites Stage CuIII was subdivided by Bischoff into three Zones, the 
lowermost being called the crenistria Zone, CuIII«. This Zone was distinguished 
by the absence of Scaliognathus anchoralis and Hindeodella segaformis, (the lower 
boundary corresponding with the extinction of both these species), and the 
evolution of Mestognathodus beckmanni and Hindeodella undata. Gnathodus 
bilineatus semiglaber and G. bilineatus bilineatus were also found in this Zone 
as was Geniculatus claviger. No criteria were presented for the recognition of 
the upper boundary of this Zone. Gnathodids were still frequently found in this 
zone but siphonodellids and polygnathids were rare.
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The middle Zone of the Goniatites Stage was called the striatus Zone, 
CuIIl^j and was distinguished by the increasing frequency of G. bilineatus 
bilineatus and almost complete extinction of G. bilineatus semiglaber. The 
fauna was similar to that of the preceding crenistria Zone, but could be 
recognised on the relative frequency of occurrence of these two gnathodid 
subspecies. The former subspecies was rare and the latter frequent in the 
crenistria Zone.
The uppermost Goniatites Zone was termed the granosus Zone, CuIII6, and 
Was recognised on the presence of Gnathodus commutatus nodosus. Further 
distinctive criteria were the absence of G. bilineatus semiglaber, the 
increasing frequency of G. girtyi and occurrence of Ozarkodina delicatula.
Voges (1959) described the conodonts of the Gattendorfia and Pericyclus 
Stufen from Sauerlandes, Western Germany. An approximate correlation between 
his and Bischoff's work has been included in Figure h.
Voges1 Gattendorfia Cul, was subdivided into three conodont zones, a 
'*-°Wer Gnathodus kockeli - Pseudopolynnathus dentilineata Zone, a middle 
¿iphonodella - Pseudopolygnathus triangula inaequalis Zone, and an upper 
¿ iphonodella - Pseudopolygnathus triangula triangula Zone. All three zones 
were found in the Hangenberg-Kalk. Voges also subdivided the Pericyclus
into three conodont zones, the lower one, the Siphonodella crenulata Zone, 
corresponded to a CuII=<age, and could be further subdivided into an upper and 
lower portion. The middle Pericyclus Zone corresponded to a CuII^age and 
’Was named the Scaliognathus anchoralis Zone, while the upper Zone was called 
Scaliognathus anchoralis - Gnathodus bilineatus interregnum. This upper 
Zone is regarded as ranging in age from upper C u I I ^ t o  CuIlS , but it does 
n°t extend to the upper limit of the Pericyclus Stufe, nor therefore, to upper 
Culls age.
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SECTION Db - APPLICATION OF UPPER DEVONIAN AND LOWER CARBONIFEROUS CONODONT 
ZONATION IN WESTERN EUROPE, EXCLUDING BRITAIN
The use of conodonts as biostratigraphic tools has been widely applied 
in western Europe in Palaeozoic rocks of all ages. A great deal of research 
has been directed toward zonation of the Upper Devonian and Lower Carboni fur our. 
strata which outcrop in the various countries of this region. In addition to 
the work of Ziegler, Bischoff and Voges, already discussed, other important 
descriptions of conodont faunas from rocks of Upper Devonian and Lower 
Carboniferous age have been provided by Helms (1959)> Dvorak, Freyer & Freyer 
(l96l), Sanneman (1955), Con.il, Lys & Mauvier (196^), Muller (1962), Boogaard
(1963), Bishoff & Ziegler (1956), Flugel & Ziegler (1957), Bartenstein & 
Bischoff (1962), Walliser (i960), Higgins, Wagner-Gentis and Wagner (196 ,̂ 
Ziegler (i960), Ziegler (1963), Ziegler in Kronberg, Pilger, Scherp & Ziegler 
(i960), Meischner (1962), Higgins (1962), Bouckaert & Ziegler (1965), Lindstrom 
and Ziegler (1965), Krebs and Ziegler (1965), Bouckaert and Thorez (1965), 
Klapper & Ziegler (1967), Wittekindt (1965), Helms & Wolska (1967), Boogaert 
(1967).
This list is by no means complete, and research continues in an effort 
io make the zonation of rocks of this and other ages more detailed and refined.
Figure 5 indicates the accepted Upper Devonian and Lower Carboniferous 
correlation between Belgium, Germany and Spain. Although conodonts play a 
significant role in establishing this correlation, the precise positioning of 
the Devonian - Carboniferous boundary is based on foraminifera and spores in 
Belgium and on the standard goniatite zones in Germany.
CORRELATION  BETW FEN UPPER DEVONIAN AND LOW ER CARBONI FEROUS  ROCKS
THREE AR EAS IN  WESTERN EUROPE
BELGI UM 
C o n il 1968
GERMANY
V oges 1959, Z ie g le r 1962
SPAIN
B o o g a e rt 1967
c a r b o n if e r o u s
DEVONIAN
t n 2 b
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SECTION Ea - UPPER DEVONIAN AND LOWER CARBONIFEROUS CONODONT ZONES OF 
NORTH AMERICA
Ccnodont research has been intensive in the North American continent, and 
our present knowledge of these fossils and their occurrence is perhaps more 
complete in North America than in any other part of the world. In Upper 
Devonian and Lower Carboniferous strata, conodonts are both abundant and 
ubiquitous, and provide one of the most useful fossil groups for zonation of 
strata of this age. Collinson, Scott and Rexroad (1962) published a report 
summarising much of the work on the conodonts of the Upper Devonian and 
Mississippian of the Upper Mississippi Valley. This summary is a compilation 
of the original work of a number of conodont workers, and Chart 6, of the 
report provides an excellent summary of the zonation of the Upper Devonian and 
Mississippian rocks of the Mississippi Valley on the basis of conodonts. A 
portion of this Chart is illustrated in Figure 6 and the fifteen conodont zones, 
into which this portion can be divided, are briefly described. Other North 
American successions of a similar age, are referred to these standard Mississippian 
sections wherever possible in the present report.
Chart 5j from the Collinson, Scott & Rexroad publication, indicates the 
correlation between the standard Western European Stages and Goniatite Zones 
and the Mississippi Valley section, on the basis of conodonts found in rocks of 
Upper Devonian and Lower Carboniferous age on both sides of the Atlantic. Once 
again, only the portion of the original chart relevant to this thesis is 
illustrated (see Figure 7).
In the Mississippi Valley, the knowledge of the stratigraphic distribution 
of conodonts is better for the Upper Devonian and Kind.erhook3.an, but the 
Valmeyeran Series can also be zoned on the basis of conodonts. In the following
F1GURF 6
UPPER DEVONIAN AND LOWER Ml SSISSIPPIAN C O NODONT 
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fifteen Zones, only genera or species that occur commonly to abundantly give 
their names to the individual Zones. In most cases the conodont that gives 
its name to the Zone is restricted to that Zone, but this does not apply in 
all instances. The Zones are described in ascending order.
In the Mississippi Valley, the oldest Upper Devonian Conodont Assemblage 
-'One is that of Palmatolepis proversa - P. triangularis. This Zone is 
apparently restricted to the Sylamore Sandstone, and is of early late Devonian 
ige correlating with the t o l f i j t f Subzones of western Europe. The limits of 
Ibis Zone are the same as the ranges of the conodonts which give it its name. 
Other conodont species characteristic of this Zone, in addition to the zonal 
indices, are Ancyrodella curvata (Branson & Mehl), A. lobata Branson & Mehl,
■dljoynognathus triangularis Youngquist, Polygnathus foliata Bryant, p. normal!s 
Miller and Youngquist, and Nothognathella bucristata Youngquist and Miller.
Ihe lower limits of this Zone may be found in older rocks than shown in Figure 6.
The Palmatolepis quadrantinodosa - P. glabra Assemblage Zone is. confined to 
Grassy Creek Formation, The limits of this Zone may not be precise as few 
'-onodonts have been recovered in this Formation. It is correlated with the 
’tcT 8 to toIII«* Zones of western Europe. Characteristic species are 
¿ghmatolepis perlobata Ulrich & Bassler, P. rhomboidea Sannemann, P. minuta
B> anson & Mehl and the conodonts which give their name to the Zone. The zonal
limit,s correspond to the range limits of Palmatolepis quadrantinodosa and
•’ .glabra. The species of this Zone are commonly found reworked in younger
rock:-,.
The Javerton Formation can be divided into three conodont Zones, the oldest 
■-’fe-ng the Polygnathus irregularis - "Ancyrognathus" quadrata Ass.emb Luge Zone. 
Thî , Zone may also extend down Into the upper part of the Grassy Creek Formation 
ln certain sections in the Mississippi Valley, but the upper limit of the Zone
is well defined. The Zone as a whole is limited by the range of the species 
which gives the Zone its name, and the other characteristic species are Palmatolepis 
gugosa Branson and Mehl and Spathognatho&us jugosus (Branson & Mehl). These 
ePecies are found in rocks of toIV and toV age in western Europe.
The middle portion of the Saverton Fromation is characterised by the 
fPathognathodus aculeatus Assemblage Zone, which is one of the most widespread 
and easily defined Zones in the Mississippi Valley. Its limits are delineated 
oy range of Spathognathodus aculeatus. Other characteristic species are 
j'>°ly gnat has triangularis (Branson & Mehl) and P. longipostica E. R. Branson.
This Zone exhibits a great number of reworked specimens, but it can be correlated 
■■approximately with the uppermost toV to lowermost toVI Zones of western Europe.
The Gnathodus n.sp.A Assemblage Zone coincides with the upper part of the 
•-»averton Formation, and its lateral equivalent, the Louisiana Formation. The 
uPPer boundary of this Zone is taken at the uppermost occurrence of abundant 
.^Pa-tognathns varians and representatives of the genus Palmatolepis, while the 
•J-ower boundary is marked by the lowest occurrence of Gnathodus Spathognathodus 
■g£teposicorni s Scott and _S. collinsoni Scott. The last two species are 
restricted to the Zone. Other characteristic species are Spathognathodus 
£HTttiinidirect.ns Scott, Gnathodus kockeli Bischoff, and Polygnathus communis 
Sranson & Mehl. This Assemblage Zone contains a transitional fauna between
Devonian and Carboniferous, and is complicated by the presence of many reworked 
0P'-cimens; it is correlated with the upper toVI Zone of western Europe.
The lowest beds of the Hannibal Formation and the underlying "Glen Park" 
formation as a whole, contain a fauna referred to as the Gnathodus n.sp.B- 
£.• kockeli Assemblage Zone. It is a distinctive fauna which correlates with 
^he lowest part of the Gattendorfia Cul Zone of Europe. The lower boundary
2k
1S marked by the earliest occurrence of Gnathodus n.sp.B and the genus
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Pseudopolygnathus. while the upper limit is marked by the earliest occurrence 
01 Siphonodella sulcata (Huddle). The upper limit of Gnathodus kockeli occurs 
just above the upper limit of this Zone. In addition to the two gnathodid
species above, other characteristic species are Polygnathus communis Branson and 
^ehl, Polygnathus longipostica E. R. Branson, Spathognathodus costatus (E.R.Branson), 
.Pseudopolygnathus dentilineata E. R. Branson, and Gnathodus n.sp.A. This Zone 
represents the upper half of the general Zone of transition between Devonian and 
Carboniferous faunas. In some sections in the Mississippi Valley the Zone is 
absent.
When the previous Zone is not represented in the Mississippi Valley sections,
’the „Siphonodella sulcata Assemblage Zone is the oldest Mississippian found. This 
Zone is confined to the Hannibal Formation and is correlated with the middle Cul 
Zone cf Europe; it is limited by the abundant range of the conodont which lends
Zone its name. Furthermore, the upper boundary is also the lowest occurrence 
of“ abundant Siphonodella duplicata s.s. (Branson & Mehl). Other characteristic 
sPecies include Pseudopolygnathus prima Branson & Mehl, P. dentilineata E. R. Branson, 
jjlictognathus sp., Gnathodus kockeli, Gnathodus n.sp.A, Gnathodus n.sp.B. The 
conodonts of this Zone are similar to those of the underlying Zone, but can be 
distinguished by the presence of P. prima and Elictognathus lacerata Branson and
Mehl.
The Siphonodella duplicata s.s. Assemblage Zone is located in the middle part 
°f the Hannibal Formation, and is correlated with the upper Cul Zone, and possibly 
ihe lowermost Cull Zone, of western Europe. Its limits correspond to the limits 
°f abundance of Siphonodella duplicata s.s. (Branson & Mehl). The upper part 
the Zone exhibits abundant specimens of Siphonodella c.renulata, and other 
characteristic species are Pseudopolygnathus dentilineata and P. prima.
The top of the Hannibal and Lower Chouteau Formations are characterised by
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the widespread and easily identifiable, Siphonodella quadruplicata - _S. crenulata 
Assemblage Zone. This Zone probably corresponds to the lower part of the Cull1* 
Zone of western Europe. The upper limit is marked by the uppermost abundance 
°f specimens of Siphonodella crenulata and £>. cjuadruplicata, while the lower 
limit is marked by the lowermost common occurrence of the latter species, and 
the uppermost abundant occurrence of S. duplicata s.s. Other typical species 
are Siphonodella aff. S. obsoleta Hass, _S. sexplicata (Branson & Mehl), and
S. lobata Branson & Mehl, as well as a large number of gnathodids.
The upper part of the Chouteau Formation is represented by the Siphonodella 
n*sp.A- _S. cooperi Assemblage Zone, which is correlated with the upper part of 
the Cull«* Zone of western Europe. This Zone is limited by the range of common 
occurrence of Siphonodella n.sp.A and the abundant occurrence of £h cooperi.
The upper limit also corresponds with that of abundant Gnathodus delicatus.
Other characteristic species are jS. aff. £>. obsoleta, Polygnathus communis 
Branson & Mehl, P. inornata E.R.Branson, Spathognathodus curvatus (Branson & Mehl) 
an(l Elictognathus lacerata (Branson & Mehl). The upper limit of this Zone 
corresponds with a major unconformity in the Mississippi Valley.
The Gnathodus semiglaber - Pseudopolygnathus multistriata Assemblage Zone 
coincides with the "Sedalia" Formation of the Mississippi Valley, and is 
correlated with the lowest part of the CuII^J Zone of western Europe. The Zone 
corresponds with the range of abundant Gnathodus semiglaber, Gnathodus n.sp. cf.
— ‘ .gTrtyi and Pseudopolygnathus multistriata. Additional characteristic species 
are fflooprionidus oligus (Cooper) and Polygnathus communis. The absence of 
siphonodellids and abundance of pseudopolygnathids makes the Zone easily
recognisable.
The Bactrognathus - Polygnathus communis Assemblage Zone extends from the 
base ol the Fern Glen Formation to the top of the middle part of the Burlington. 
In Europe this Zone corresponds to the upper Cull/?- lower CuIiy Zones. The
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lower limit of the Zone is marked, by the earliest occurrence of Bactrognalhus 
hamata and B. excavata, and the earliest abundant occurrence of Gnathodus cenei- 
_formis and Gnathodus n.sp. aff. Gnathodus texanus, while the upper limit coincides 
with the youngest occurrence of Polygnathus communis. Other characteristic species 
include Pseudopolygnathus triangula pinnata Voges, Doliognathus lata Branson and 
^eBl5 Staurognathus c rue if ormi s Branson & Mehl, and Pseudopoly gnathus multi striata.
The upper part of the Burlington Formation is represented by the 
Bactrognathus - Taphrognathus Assemblage Zone which is correlated with the upper 
2uII/S/V Zones of Europe. The upper boundary coincides with the lowest abundance 
°f Gnathodus texanus s.s., and the lower boundary with the highest occurrence of 
polygnathus communis. The new species of the two genera, which give their names 
!o this Zone, and Gnathodus cuneiformis Mehl & Thomas are also characteristic.
This Zone is readily subdivided into upper and lower parts.
The Gnathodus texanus s.s. - Taphrognathus Assemblage Zone coincides with 
Ihe Keokuk Formation and is correlated approximately with the lower Cull8 Zone of 
Western Europe. The upper boundary is marked by the lowest occurrence of 
APathognathus? and the lowest occurrence of Taphrognathus varians, while the lower 
Boundary is indicated by the lowest abundant occurrence of Gnathodus texanus s.s.
A new species of Taphrognathus is also characteristic of this Zone.
The Warsaw, Salem, and Lower St. Louis Formations constitute the Taphrognathus 
varians - Apatognathus? Assemblage Zone, whose lower limit is marked by the lowest 
occurrence of Apathognathus? and the highest common occurrence of Taphrognathus 
Varians. The upper limit is distinguished by the lowest common occurrence of 
Cavusagnathus and youngest occurrence of Taphrognathus, together with the lower 
limit of the upper zone of abundance of Apathognathus. Other typical species of
fhis Zone are Gnathodus texanus Roundy, Neoprioniodus loxus Rexroad, N. tulensis 
(Pander), and Spathognathodus n.sp. Conodonts are not abundant in this Zone,
But it is distinct nevertheless, and further studies will allow its further 
subdivision.
SECTION Eb - UPPER DEVONIAN AND LOWER CARBONIFEROUS FAUNAS FROM AREAS OTHER 
THAN THE MISSISSIPPI VALLEY, AND THE APPLICATION OF CONODONT 
ZONATION IN ROCKS OF THIS AGE IN NORTH AMERICA
Scott and Collinson (1961) described conodonts from the Louisiana and 
McCraney formations in Illinois, Iowa and Missouri. They noted that where the 
Saverton Formation was not overlain by the Louisiana Limestone, three conodont 
Zones could be recognised, the Upper, Middle and Lower Zones. Where the Louisiana 
Limestone was present, only the Lower and Middle Saverton Zones could be recognised 
in the Saverton Formation itself, the Upper Zone being represented in the Louisiana 
Limestone. Thus the Louisiana is the lateral equivalent of the Upper Saverton
Formation. Scott & Collinson have found this to be the case in western Illinois,
where the Louisiana Limestone bears Upper Saverton conodonts. E.B.Branson (19M+),
indicated that the Louisiana and the Saverton do not have this relationship in all 
areas, because in Missouri the Louisiana Limestone bears conodonts characteristic 
of Scott and Collinson's Middle Saverton Zone. Scott and Collinson's examination 
of the McCraney Formation resulted in a correlation of this formation with the 
Upper Hannibal and Lower Chouteau of the Mississippi Valley, and the Upper 
Gattendorfia (Cul) and Lower Pericyclus (Cull) of Europe. The McCraney 
Formation bears a good siphonodellid fauna.
Huddle (193*0 recognised three Zones in the New Albany Shale of southeastern 
Indiana. The uppermost of his Zones he equated with the Hannibal Formation, on 
the basis of the presence of Elictognathus, and his Middle Zone was equated with 
the Middle and Lower Saverton. Beds equivalent to the Louisiana Limestone or 
Upper Saverton, as the case may be, should be located at the top of Huddle's 
Middle Faunal Zone.
Hass (19)47) published his work on the Devonian - Mississippian boundary in 
Ohio, and indicated the occurrence of 5 Conodont Zones. The two oldest are
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equivalent to the Middle and Upper Zones of the Saverton, Zone three is equated 
with those rocks crossing the Devonian - Mississippian boundary, while the two 
youngest Zones are the same age as the Hannibal Formation. Hass was able to 
show more detailed subdivision than has been indicated here. In 1956 Hass 
published a further paper on the conodonts of the Chattanooga Shale of central 
Tenessee, in which he showed a close correlation between the upper part of the 
Gassaway member of the Chattanooga Shale and the Louisiana Limestone. In the 
same year has described the conodonts of the Basal Maury Formation which 
represented a Lower Mississippian age.
Cooper (1931, 1933 & 1935) published reports on the Arkansas Novaculite 
°f Western Arkansas, and Cloud, Barnes and Hass (1957) described conodonts 
from the Houy Formation of central Texas. Both areas indicated transitional 
Devonian - Mississippian faunas similar to those found in the Mississippi 
Valley.
Cooper and Sloss (19̂ +3) described the conodont fauna of the black shale 
member which occurs at the base of the Lower Mississippian Madison Group, and 
concluded that this horizon could be correlated with the Kinderhookian of the 
Mississippi Valley and adjacent areas. This shale can be recognised from 
North Dakota to South West Montana.
Younquist and Patterson (19̂ -9) indicated that the Prospect Hill Sandstone 
°f Iowa exhibited a fauna similar to that of the Hannibal and Bushberg Formations 
of Missouri, which were described by E.R.Branson and Branson & Mehl respectively, 
ln 193̂ +. The Prospect Hill Formation is dominated by the occurrence of Siphono- 
della. as is the older English River Formation.
Youngquist & Downs (1951) described the conodonts of the Lower Mississippian 
Wassonville Dolomite of Iowa which overlies the Prospect Hill Sandstone. It 
indicated a late Kinderhookian age and was closely related to the English River
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and. Prospect Hill of Iowa and the Bushberg and Hannibal Formations of Missouri.
Hass (1959) published a report on the Chappell Limestone of Texas, and 
showed this formation to contain three Gonodont Zones. The lowest,
Siphonodella cooper! Zone, correlated with the Chouteau of the Mississippi 
Valley, as did the Gnathodus punctatus Zone, while the upper Bactrognathus 
communis Zone was equated with the Fern Glen horizon of early Osage age. Hass 
stated that the Welden Limestone and pre-Welden Shale of Cooper (1938), from 
Oklahoma, were of Chouteau age. The top of the pre-Welden Shale was correlated 
with Hass's Middle Zone, the rest of the pre-Welden with his Lower Zone, and 
those shales above the pre-Welden with his Upper Zone.
Branson and Mehl (1938) and Cooper (1938) described faunas from horizons 
which were correlated with the Siphonodella cooperi Zone of Hass (1959) 3 when 
they described the conodonts of the Chouteau Limestone of Missouri and the 
pre-Welden Shale of Oklahoma respectively.
Mehl and Thomas (19V7), Branson and Mehl (19̂ -1) and Cooper (19 +̂8) described 
faunas from other Worth American horizons which correlate with the Bactrognathus 
communis zone of Hass (1959). Mehl and Thomas worked on the Fern Glen 
Formation of Missouri, and Cooper on the shale overlying the Rockford Limestone 
°f Indiana.
Rexroad and Scott (196U) referred the Rockford Limestone to the Siphonodella 
n.sp. a (s.. Isostieha)- Siphonodella cooperi Assemblage Zone, and the Gnathodus 
jemiglaber - Pseudopolygnathus multi striata Assemblage Zone of the Mississippi 
Valley. The Rockford Limestone is thus equivalent to the Upper Chouteau 
Limestones and Sedalia Formation. The lower part of the New Providence Shale 
which overlies the Rockford Limestone was found to contain two Assemblage Zones 
which are also recognised in the Mississippi Valley, the Bactrognathus - 
■8°Iygnathus communis Zone and the Bactrognathus - Taphrognathus Zone. Thus
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this shale can be correlated with the Lower and Middle Burlington.
Hass (1953) discovered two Faunal Zones in the Barnett Formation of the 
Llano region of Texas. The lower is of Osagian age, equivalent to the Keokuk 
Formation of the Mississippi Valley, and the upper of Chesterian age.
Rexroad and Collinson (1963) described the St. Louis Formation of the 
Mississippi Valley as being transitional with the underlying Warsaw and Salem 
Formations. Two years later the same authors reported on the conodonts from 
the Keokuk, Warsaw and Salem Formations of Illinois. They established no 
further subdivisions to the Zones established in 1962, but explained that there 
was a similarity between the Warsaw - Salem fauna and the underlying Keokuk in 
terms of species present though not in their relative frequency of occurrence.
Huddle (1968) redescribed the Upper Devonian conodont genera and species 
Proposed by Ulrich and Bassler (1926). Three Formations were studies, the 
Hhinestreet Shale member of the West Falls Formation of New York, which correlated 
with the Manticoceras Zone t o l ^ o f  Europe, the Gassaway member of the Chattanooga 
Shale of Alabama, which was of early - late Fammenian age, and thus equivalent 
to the Grassy Creek to Louisiana Formations of the Mississippi Valley, and the 
Hardin Sandstone' of Tennessee. The latter formation was correlated by 
Ulrich and. Bassler with the Hardin Sandstone member of the Chattanooga Shale in 
Hardin County, Tennessee, but was regarded by Huddle as younger than the type 
Hardin Sandstone Member of the Chattanooga Shale (Hass 1956). This sandstone 
tears a mixed, reworked fauna which Hass correlated with an early Gassaway age, 
tut, Huddle reserved his opinion, stating that it may be of Mississippian age 
although it also contained Ordovician and Upper Devonian conodonts from several 
zones.
Winder (1966) published an account of conodonts from the Upper Devonian
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of Ontario. He stated that he found an almost complete Upper Devonian section 
preserved in the Kettle Point Formation, and that 4 of the 10 Zones of Ziegler 
(1962) could be recognised.
Clark and Ethington (1965) described conodonts from the Devonian of the 
Alberta Rocky Mountains. Two of the formations sampled, the Mount Hawk and 
Perdrix Formations, proved to be of Upper Devonian age, and the uppermost 
part of the Flume Formation was of lowest Upper Devonian age.
Ethington (1965) worked on conodonts from Lower Devonian to Early 
Mississippian age from Arizona and New Mexico. In Arizona, the Martin and
Portal Formations were found to be of early Late Devonian age. The uppermost
Martin of Arizona and uppermost Percha Formation of New Mexico have a few 
similar forms and are suggested as age equivalents. Siphonodella isosticha 
was recovered from the Escabrosa Formation of Arizona, which was thought to 
be Kinderhookian even before this discovery. This would indicate a correlation 
between the Escabrosa Formation and the Chouteau of the Mississippi Valley.
Anderson (1966) described Upper Devonian and Lower Mississippian conodonts 
from North Central Iowa. He noted that five of the formations of the area were 
°f Upper Devonian age, while two could be correlated with the Mississippian.
The Lime Creek Formation was correlated with the tolX or Lower Palmatolepis gigas 
zone of Europe, in its lower and middle part. The overlying Sheffield 
Formation was equated with the tolB and toll'* zones, and the Aplington Formation, 
which overlies this in turn, was equated with the toIV or toV zones of Europe.
The Devonian - Mississippi boundary in north central Iowa occurred between the 
Aplington Formation and either the English River Siltstone (which was not present 
everywhere) or the Hampton Formation. At one particular locality the Aplington 
was overlain by the "Maple Mill" formation, and here the boundary was between 
the "Maple Mill" and the English River Siltstone. The Hampton Formation and the
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English River Siltstone, when present, were correlated with the Cul and Cull 
zones of Europe. On p.L02, Anderson gave a correlation chart showing the 
relationship between the formations of north-central Iowa, southeastern Iowa, 
and the upper Mississippi Valley in western Illinois. This information is 
incorporated into the present correlation chart at the end of this section on 
the Upper Devonian and Lower Carboniferous zonation in Worth America. The "Maple 
Mill" of north-central Iowa is not time equivalent with the Maple Mill of 
southeastern Iowa.
Muller & Muller (1957) published a paper on the early Upper Devonian 
(independence) conodonts of Iowa. Beautifully preserved and abundant conodont 
faunas of the higher portion of the early Upper Devonian were recovered from 
the Amana, Independence, Sweetland Creek and Worth Liberty Beds. The first 
three sequences were of the same age, as was the upper part of the North Liberty 
Beds. The lower part of the Worth Liberty Beds exhibited an older fauna than 
the other sequences. The Amana, Independence, Sweetland Creek, and Upper North 
Liberty Beds were correlated with an Upper Manticoceras age, upper tol. In 
North America, the Independence Formation (and equivalents) of Iowa can be 
correlated with the Lime Creek Formation of north-central Iowa, while the lower 
Part of the North Liberty Bads are equivalent to the Rhinestreet Shale Member of 
the West Falls Formation of New York. Thus the Independence Formation may 
correspond to part of the Sylamore of the Mississippi Valley.
Muller and Clark (1967) described conodonts from the Squaw Bay Limestone in 
Michigan, concluding that this limestone equated with the upper lower or middle 
Z°Lygna.thus asymmetrica Zone, early Late Devonian, Lower Manticoceras (tol), of 
Europe. The Squaw Bay Limestone fauna was correlated with the following horizons 
iu other parts of the United States and Canada, the lower part of the New Albany 
Shale of Indiana, part of the Independence Shale in Iowa, the middle part of the 
Martin Limestone of southern Arizona, the Upper Flume Dolomite (Maligne Formation)
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of Alberta, and certain Nevada Formations.
Klapper and Furnish (1962) recorded a conodont fauna from the Englewood 
Formation of South Dakota. The fauna indicated that this formation was in 
part Upper Devonian and in part Lower Mississippian. The middle part of the 
formation correlated with the Upper Devonian fauna from the Bighorn and Wind 
River Mountains, the upper few feet of the Englewood was equivalent to other 
horizons in South Dakota of Lower Mississippian age. Klapper (1966) also 
noted the presence of Upper Devonian and Lower Mississippian Conodont Zones 
ln South Dakota, and in Montana and Wyoming. He recognised three Zones in 
aH ,  one of Upper Devonian age and two of Lower Mississippian age. The former 
was equated with the Lower Spathognathodus costatus Zone (toVl) of Europe, while 
hhe two Mississippian Zones were correlated with the Gattendorfia Stufe (Cul) 
and the Lower Siphonodella crenulata Zone (Cull«*). Two other Upper Devonian. 
Zones were recognised at isolated localities and were comparable with the 
.Scaphignathw s velifera Zone (Upper toll I«*. - Lower toIV) and Upper Polygnathus 
^tyriaca Zone (toV).
Sandberg & Klapper (1967) described conodont faunas from the Devonian - 
Mississippian boundary in the northern Rocky Mountains. The boundary is located 
ln a dark shale unit which is named by the authors as the Cottonwood Canyon 
Member. This Member occurs in the Madison Limestone of Wyoming and the 
Rodgepole Limestone of Montana and the extreme west of Wyoming. Sandberg & 
Klapper recorded the presence of four Conodont Zones in the Cottonwood Canyon 
Member, the lowest of which has been correlated with the Lower Spathognathodus 
costatus Zone (Upper toV). Above this occurred a Zone which could be equated 
with the Siphonodella sulcata Zone (Lower Cul), then a Zone corresponding to the 
—^dbergi - _S. duplicata Zone (Lower Cul), and finally a Zone correlating with 
the Lower £L crenulata Zone (Lower Cull®«:). The last three Zones can be
correlated with the Kinderhookian of the Mississippi Valley. Underlying the
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Cottonwood Canyon Member in Southern Montana was the Three Forks Formation, 
which Sandberg and Klapper sub-divided into two Conodont Zones, a lower Zone 
equivalent to the Scaphignathus velifera Zone (Upper toIII«*’ - Lower toIV) and 
an upper Zone which correlates with the upper Polygnathus styriaca Zone (Lower toV) 
The Three Forks Formation would correlate with the Upper Grassy Creek and Lower 
Saverton Formations of the Mississippi Valley, (see Sandberg and Klapper 1967, P-9)
Klapper (1958) described an Upper Devonian conodont fauna from the Darby 
Formation of the Wind River Mountains of Wyoming. He concluded that the upper 
Darby Formation was contemporaneous with part of the Saverton Shale of Missouri.
The Darby has been tentatively correlated with the toV Zone of the Fammenian of 
Germany. Ethington, Furnish and Wingert (1961) stated that the Upper Devonian 
conodonts from the Cottonwood Canyon member in Wyoming were the same as those 
reported from the Darby Formation in the Wind River Mountains of the same State.
Pollock (1968) published his work on Upper Devonian conodonts from Alberta, 
Canada, recording the presence of six Upper Devonian Conodont Zones of Ziegler 
(1962). The six zones comprised most of the Manticoceras Stufe of Germany (tol), 
deluding the Lower, Middle and Upper Polygnathus asymmetrica, the Ancyrognathus 
jriangula.T-i s1 and the Lower and Upper Palmatolepis gigas Zones.
Mound (1968) described four rock groups containing Upper Devonian conodonts 
from Southern Alberta. In ascending order, the Beaver Hill Formation was 
equated with the tol(£)i Zone, the Woodbend Group with the tol(3)$ - toliT Zones, 
the Winterburn Group with the tol i  - tol/toll Zones, and the Wabamun Group was 
correlated with the toll if - toIlj3/toIII Zones of western Europe. The four 
groups as a whole are approximately contemporaneous with the Sylamore and Grassy 
Creek Formations of the Mississippi Valley.
Canis (1968) gave his interpretation of the stratigraphy of the Lower
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Mississippian of Missouri, based on the conodont evidence he recorded in this 
region. He suggested the following correlations; In Missouri the upper 
Hannibal is equivalent to the Lower Chouteau (including the Bachelor Formation), 
the Sedalia Dolomite is equivalent to the Upper Chouteau Limestone and the 
Northview Shale (hence the Upper Chouteau is contemporaneous with the Northview 
shale), and finally the Chouteau Limestone of S.W. Missouri is equivalent with 
the Chouteau Limestone of west-central, central, east and north-east Missouri.
Thomas (19I49) and Muller and Muller (1957) both correlated the Maple Mill 
Shale of southeastern Iowa with the Grassy Creek Shale of the Mississippi Valley, 
and Muller and Muller noted that these two shale horizons were also time 
equivalents of part of the middle New Albany Shale.
Orr and Klapper (1968) published their work on the conodont fauna from parts 
°T Indiana and New York. They noted the occurrence of two new species of 
Platform conodonts obtained from beds near the Middle-Upper Devonian boundary,
Ihe majority of specimens coming from a thin limestone at the base of the New 
Albany Shale. These authors correlated the Genundewa Limestone at Eighteen 
Mile Creek, New York, with the Squaw Bay Limestone in Michigan, both units being 
assigned an age equivalent to the upper part of the Lower Polygnathus asymmetricus 
Zone. The Genundewa Limestone is a physically distinct unit from the underlying 
North Evans Formation in western New York.
Thompson (1967) studies the conodont fauna of the lower Mississippian of 
South-west Missouri. He concluded that the faunas of the Mississippi Valley 
and south-west Missouri were similar, but important differences occurred. He 
combined the upper part of the Gnathodus semiglaber - Pseudopolygnathus 
raultistriatus Zone and the Bactrognathus - Polygnathus communis Zone into a single 
Zone, the Bactrognathus - Pseudopolygnathus multistriatus Zone. In Missouri, 
Thompson recognised two Subzones within this newly erected Zone, the underlying
37
this was the Doliognathus lata Sub zone.
Many other publications, in addition to those described above, have been 
written on the occurrence of Upper Devonian - Lower Carboniferous conodonts in 
the North American continent. Special attention has here been given to those 
Papers which have involved correlation of isolated sections with the standard 
Mississippi Valley section. A chart has been constructed summarising the 
suggested correlations of the rocks of Upper Devonian and Lower Mississippian 
age in North America (Figure 8). In the construction of a chart of this 
nature it is impossible to create a comprehensive diagram if one attempts to 
convey the vertical thickness relationships between the outcrops at each locatio 
The vertical scale is not uniform, as the purpose of the chart is to indicate 
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SECTION F - THE APPLICATION OF CONODONT ZQNATION TO THE UPPER DEVONIAN AND 
LOWER CARBONIFEROUS ROCKS OF AREAS OTHER THAN NORTH AMERICA AND 
WESTERN EUROPE
In terms of volume of conodont publications, far more research has been 
conducted in North America and Western Europe on strata of this age than elsewhere 
in the world. However, many important contributions have been made as a result 
of work in other areas, some of which are noted below.
Glenister & Crespin (1959) described the microfauna recovered from Upper 
Devonian strata in the Fitzroy Basin of Western Australia, while conodont studies 
in the north western region of the same continent were conducted by Jones & Druce 
(1966). The latter authors made a preliminary investigation of the conodont 
palaeontology of the Boneparte Gulf Basin, and were able to correlate Upper 
Devonian and Lower Carboniferous successions of this basin with the classical 
sections of the northern hemisphere.
Ethington & Furnish (1962) recorded Upper Devonian and Silurian conodonts 
from the Spanish Sahara. The Devonian conodonts recovered were of Frasnian age, 
and the two localities at which these conodonts were found were both in the 
Tindouf Basin to the north of this region. The fauna compared favourably with 
European faunas.
Igo & Koike (1964 and 1965) described Carboniferous conodonts from the 
islands of Japan, while Gupta, Rhodes & Austin (1967) published a brief report on 
the Devonian faunas of Kashmir, some of which were of lowest Upper Devonian, 
Manticoceras. age.
Glenister & Klapper (1966) published a report on the Upper Devonian conodonts 
from the Canning Basin, Western Australia. Their work revealed the presence of
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an almost complete Upper Devonian series with the possible exception of the 
Upper Spathognathodus costatus Zone (toVl). This publication includes a chart 
of conodont distribution (p. 782) which shows the relationship of these conodonts 
with the conodont zones and ammonoid Stufen established for the Rhenish Schief- 
ergebirge.
Wolska (1967) reported Upper Devonian conodonts from the south-west region 
of the Holy Cross Mountains, Poland. Most of the Upper Devonian Conodont Zones 
of the German type section are represented in Poland and in general Ziegler's 
succession of assemblage zones is valid for the Holy Cross Mountains. In the same 
year Helms & Wolska noted the occurrence of four new conodont species and one new 
subspecies from this region of Poland.
Druce (1969) published a detailed synthesis of the conodont faunas that he 
and Jones (1966) had discovered in the Upper Devonian and Lower Carboniferous 
strata of the Boneparte Gulf Basin of Northwestern Australia. Rocks of Frasnian. 
Famennian, Tournasian, Visean and Namurian age were recognised, and in a general 
sense the conodont zones of the North American, British and German type sections 
could be correlated with the zones established in this Australian Basin. Druce 
concluded that the Australian assemblage zones appeared to be intermediate between 
Spathognathodus-Polygnathus-Pseudopolygnathus zonation of Great Britain and 
Siphonodella-Gnathodus zones of Europe and North America.
l+o
CHAPTER 3
STRATIGRAPHY AND STRUCTURE 
INTRODUCTION TO PALAEOGEOGRAFHY AND GENERAL GEOLOGY
Two types of facies can be recognised in rocks of Upper Devonian and 
Dinantian age in Western Europe. The 'Kohlenkalk' facies represents an 
agitated water deposit, characterised by a dominantly limestone lithology and 
a benthonic fauna, while the 'Kulm' facies was deposited in relatively still 
waters and is characterised by a shale-sandstone lithology containing a 
necktonic and planktonic fauna. The former facies is considered to be 
indicative of sedimentation in a trough sea, while the latter is indicative of 
sedimentation in a shelf sea, flanking the trough.
The palaeogeography of Britain in Devonian times is well documented. The 
ultimate effect of the Caledonian Orogeny was to build a vast mountainous 
continent stretching across Northern Europe and embracing most of the British 
Isles. The southern shoreline of this continent can be traced from Britain in 
"the west, through the Ardennes and the area north of the Black Sea, as far as 
the Caspian Sea in the east. In Britain itself, the shoreline can be traced
from Ireland in the west, through the Bristol Channel, eastward to London.
Although the general distribution of the continental and marine areas remained 
more or less constant in southwestern Britain, throughout most of the Devonian 
Period, there were fluctuations in the position of the shoreline, and this is 
reflected in the sediments deposited in North Devon. The Devonian of South Wales 
is dominated by continental deposits, although evidence of a temporary marine 
incursion has been discovered in the Upper Devonian at Skrinkle, Pembrokeshire and 
Craig-y-nos, in the Swansea Valley (see Fig.10). The Devonian of South Devon is 
composed of marine sediments while those of North Devon indicate that the shoreline
was not static but subject to fluctuations and corresponding advances and 
retreats of the sea. This is evidenced by the alternations of marine and non- 
marine strata throughout the Devonian of this area (see Figure 9).
During late Devonian times, conditions became more uniform with the widespread 
and permanent transgression of the sea northward. The North Devon area was 
suomerged under the transgressive sea, while in southern Devonshire fairly deep 
water conditions probably prevailed. Uppermost Devonian rocks of both South and 
Central Devon are interpreted as 'Kulm' facies, although the Baggy and Lower 
Pilton Beds of North Devon were probably deposited on the outermost edge of a 'shelf 
sea (see Figure 10).
The marine transgression continued to invade northward during Lower 
Carboniferous times, flooding the low-lying areas between several major landmasses 
which had developed in central and northern Britain, and forming 'shelf seas' 
along their margins. The area to the south of the Leinster - Central Wales 
Landmass, which includes South Wales and Southwest England, is known as the 
South-West Province, and this merges westward into the Midland Plain Shelf which 
incorporated most of southern and central Ireland. The northern part of the 
South-West Province is represented by a 'Kohlenkalk' facies, represented by the 
limestone exposures of South Wales, Gloucestershire and Somerset, while the 
southern part of the province continues to exhibit a 'Kulm' facies, initiated in 
this area during late Devonian times. The Upper Pilton Beds and overlying Culm 
deposits of Devon and Cornwall are representative of this facies (see Figure 11).
Hercynian earth movements were responsible for the structural features which 
determined the present outcrop distribution of the sediments exposed in South West 
England, and Figure 12 illustrates the major structural elements involved.
The outcrop of the Baggy and Pilton Beds over the North Devon area is shown 
m  Figure 13, and the two sections from which useful conodont faunas were recovered
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are enlarged. The name for the Baggy Beds is derived from Baggy Feint, Worth 
Devon (419.^-06), where a complete succession of these beds is exposed. The 
name was introduced by Ussher and Champerknowne, and these beds are of Upper 
Devonian, Clymenia, age, according to Goldring (1956).
The name for the Pilton Beds comes from Pilton, Barnstable, but these beds 
are better exposed in the proximal coastal sections at Croyde Bay and along the 
Daw estuary. They are of Famennian, Wocklumeria Zone, age in their lower portion 
and of Tournasian, Gattendorfia Zone and possibly Pericyclus Zone, age in their 
uPper portion. These ages were assigned to the Pilton Beds by Goldring (1956), 
as a result of his study of the goniatite, brachiopod and trilobite faunas 
^recovered from these rocks.
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THE STRATIGRAPHY AND STRUCTURE OF THE BAGGY AND PILTON BEDS
I- THE STRATIGRAPHY OF THE BAGGY AND PILTON BEDS 
A. The Baggy and Pilton Beds Succession 
i• Introduction
The general stratigraphic succession in North Devon is particularly 
interesting because it displays an alternation of marine and non-marine rocks. 
Devonian and Carboniferous strata dominate the region with younger rocks more 
abundant on the eastern flank of the region. The Devonian rocks outcrop north 
°D a line which runs approximately due east from Barnstable Bay, while south of 
this line the Carboniferous rocks occur. The generalised Devonian - Carboniferous 
sequence of this area is shown diagrammatically In Figure lh.
The Foreland Beds, Lynton Beds and the Hangman Grits constitute the Lower 
Devonian; the Ilfracombe Beds and Morte Slates the Middle Devonian; and the 
Pickwell Down Sandstone, Upcott Beds, Baggy Beds, Lower Pilton Beds and Lowermost 
Upper Pilton Beds the Upper Devonian. The subdivisions of the Carboniferous are 
given in Figure it-, and this system includes the bulk of the Upper Pilton Beds,
Thus the Pilton Beds as a whole are a group of rocks which are transitional in 
nature, crossing the Devonian - Carboniferous boundary. Within the Devonian 
succession there are both marine and non-marine rocks; the marine formations are 
the Lynton Beds, the Ilfracombe Beds, the Morte Slates, the Upper Baggy Beds, the 
Pilton Beds, while the non-marine rocks are represented by the Foreland Grits, 
the Hangman Grits, the Pickwell Down Sandstone, the Upcott Beds and the lower 
Portion of the Baggy Beds.
The Upper Baggy and Lower Pilton Beds represent the youngest Devonian marine
S ’n i  Q r \ r l  /-s  J  4- U  ^  -4- r . . '  T T v - v v .  TD ? 1 4- /- •-» T '  i ,1  ■ ,  ! r *  . - \  , -xv-, A - P o v / v i  o
SCALE
1 inch = 1000 feet
G r a y  wackes 
and 
Shales
Si It stones & Shales 

















S la te s  
with Gri ts  
and Lim estones
Slates & Limestones
S la tes  & Limestones
Slates &. Limestones
Slates, Grits, 
Lim estones & 
Calcareous Slates








S la te s















Red L im e s to n e s  
Jenny S ta r t  Beds
Newberry Beds
-ILFRACOMBE BEDS
L e ste r  Se rie s
Wild Pear Beach Beds
Stringocephalus Beds 






L ime stones 
and
LYNTON BEDS














































G rits  and 
Slates
FORLAND GRITS
(Base not seen) >
Z
t
sedimentation in the North Devon area.
The exposures of the Baggy and overlying Pilton Beds in this region can be 
conveniently divided into two types; the coastal exposures and the inland 
exposures. The inland outcrops are numerous out generally only reasonably 
exposed in sections along north-south flowing streams. Better inland exposures 
0ccur at the sites of productive and abandoned quarries or in road cuttings.
The coastal outcrops are more extensive and well exposed, particularly the 
Eroyde Bay section where an almost complete sequence of Baggy and Lower Pilton 
Beds can be seen. There are only two other coastal outcrops, at Fremington Pill 
^ d  Asford Strand. Owing to the nature of the coastline, parts of the Croyde 
Bay section are inaccessible or accessible only at low tides.
. hv the author and the approximate age of the The inland exposures visited y
. j i mro- (see Figure 21 for location)rocks found in them, can be listed as follows.- I 
Road cutting 1 ml. east of Barton on the puton Beds?
Taunton-Barnstable road (A3ol) .............
Plaistow Quarries at Bradiford Water Baggy Beds
(567.373) ..............
Exposures in the Caen River valley BassY and Pilton Bedsaround Braunton and Knowle ..............
Exposures at Lobb (^70.370) and BaegV and Pilton Beds
North Lobb (^7 0.380), east of Saunton ..............  respectively
Quarries in the Bray River valley 
between Brayford (680.3^-0) an(T Charles 
(690.320) namely, Bondy's Pit (688.339),
Moules’ Chamber (689-338), Wilcombe
Quarry (688.336), Notts Quarry and Council .... The best iniand exposures
Quarries (693-327) ..............  of the Baggy Beds
Pilton Beds and Lower CulmEumsam Road, Barnstable (570.31^-) 
Boleshill Quarry, North Barnstable
(550.3^5) Upper Pilton Beds
Barnstable Junction Station Upper PiIton Beds
Blatehford House, North Barnstable
(567.359) ..............  Upper Pilton Beds
The rocks exposed in the three coastal exposures are:-
Croyde Bay........... Baggy and L o w e r Pilton Beds. This is part of an extensive
coastal exposure on the west coast of North Devon in which the underlying 
Devonian rock divisions can be seen as one travels north.
^remington........... ?Uppermost Lower Pilton Beds and Upper Pilton Beds.
Ashford Strand....... ?Uppermost Lower Pilton Beds and Lower Upper Pilton Beds.
Except in the section one mile east of Bampton, on the Barnstable-Taunton 
road (A36l), no conodont bearing horizons were located in any of the inland 
exposures of the Baggy and Pilton Beds. In the coastal sections conodonts were 
recovered only from Croyde Bay and Fremington Pill, the Ashford Strand section 
Proving unproductive. The present report describes the detailed stratigraphy 
°f the three sections from which conodonts were recovered. The collecting data 
°f the unproductive coastal and inland outcrops investigated by the author is 
summarised on pages 71 & 72.
l1. The succession at Croyde Bay.
Croyde Bay is located on the west coast of Devonshire, approximately sixteen 
miles north-west of Barnstable. The rocks exposed in the bay are naturally 
divided into two outcrops, north of the sandy beach Baggy and Pilton Beds are 
found, while south of the beach only Pilton Beds occur. The relationship between 
the lithological and faunal divisions of the Pilton Beds was expressed by 












In Croyde Bay the rocks dip and young generally southward and the succession 
is continuous from the Baggy Beds through the Pilton Beds A1 and A2 to A3. No 
Pilton Beds B or C occur here and thus this section exhibits only Baggy and Lower 
Pilton Beds. A small patch of rocks in the centre of the beach, known as Cock 
Pock, may possibly be of Upper Pilton age.
The Baggy Beds are completely exposed along the high-cliffed, northern portion 
of the bay, known as Baggy Point. Just to the north of this point, the distinct 
¿unction between the Baggy Beds and the underlying Upcott Beds can be seen. The 
upper limit of the Baggy Beds was arbitrarily taken by Goldring within the 
gradational sequence to the Pilton Beds, at the top of the massive sandstone 
immediately overlying the local, contemporaneous slump between Pencil Rock (1+23.1+03) 
and Laticosta Cave (1+27.1+01). The present writer arbitrarily defines the 
junction of the Baggy and Pilton Beds at the upper limit of the slump itself.
The slump is more easily located than the massive sandstone and is virtually 
concordant with the bedding. Furthermore, the conodont evidence indicates this 
as a more practical boundary. The slump and junction of the Baggy and Pilton 
Beds occur approximately half way along the north shoreline of the bay.
Parts of the Baggy and Upcott Beds are inaccessible owing to the precipitous 
nature of the cliffs, while other parts are accessible for only short periods of 
time at low tides. The thickness of the Baggy Beds at Croyde Bay is a little 
under li+00 feet.
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North and South of the slump, on the north side of Croyde Bay, the oldest 
faunal division of the Pilton Beds is encountered, Pilton Beds Al. These rocks 
continue to dip and young southward and are overlain by the Pilton Beds A2, 
which occupy the southern part of the Pilton outcrop on the northern side of the 
fray. South of the bay the Pilton Beds Al reappear due to folding, and as one 
continues southward they are overlain by Pilton Beds A2, which are in turn 
followed by Pilton Beds A3 at Downend. From Downend the section continues 
westward to Saunton Sands, the rocks comprising this portion of the outcrop are 
°f Al and A2 age which reappear due to folding (see Figure 15). The fauna 
characterising each of these divisions of the Pilton Beds is listed in Chapter 5.
The total thickness of the Pilton Beds exposed in Croyde Bay has been 
measured by the present author as 1^75 feet. Goldring (1956) estimated that there 
is a further 175 feet of rock before the junction with the Upper Pilton Beds is 
reached, giving the Lower Pilton Beds an estimated total thickness of 1650 feet. 
Goldring himself gives the total thickness of the Lower Pilton Beds as 1^00 feet, 
as he measured only 1200 feet of Lower Pilton rocks at Croyde Bay.
The structure of this section is described in detail on page 59, but Figure 15 
illustrates the stratigraphic relationship of the rocks exposed on the two sides 
°f the bay, while Figure 16 shows the relationship of the three sub-sections 
(defined in Figure 15) within the complete stratigraphic range of the Upper Baggy 
and Lower Pilton Beds at this locality. The three sub-sections X, Y, and Z, have 
been arbitrarily defined in order to aid description of the outcrop as a whole.
At Croyde Bay there are two 'tuff' bands which can be employed as marker horizons 
fro correlate the rocks north and south of the beach. They are of utmost importance 
in the interpretation of this extensive coastal exposure.
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iii. The succession at Fremington.
Fremington Pill is located on the southern bank of the River Taw estuary, 
a few miles west of Barnstable. The rocks exposed at this locality occur along 
the narrow shoreline as reefs, and in the low, 20 foot cliffs which form the banks 
of the river at particularly high tides. The outcrop is approximately 1,500 feet 
long in a north-south direction, and has a maximum width of approximately 60 feet 
at low tide. Its precise location is due north of an abattoir and Fremington 
Station, which are both sited on the northern side of Fremington Pill.
The stratigraphy of this exposure is most intriguing, despite the extremely 
weathered nature of the rocks and the tidal mud which covers much of the outcrop. 
Three of Goldring's Pilton faunal divisions are represented, A3, B and C, and it 
is thus essentially an Upper Pilton locality of Carboniferous age. Only one 
normal junction is present, the rest of the faunal divisions being separated by 
thrusts or faults. Pilton Beds B occur in two distinct outcrops with Pilton Beds 
C thrust or faulted into the area between.
At the northern end of the section there are several small patches of rock 
which are exposed close to the low cliff-line. These have been identified by 
Goldring as being of A3 age. These beds pass through a continuous succession
into the next patch or reef of rocks which yield a Pilton Bed B fauna. Beds of B 
age are exposed for approximately 300 feet along the shore in a southerly direction 
when they are faulted out and replaced by rocks bearing a Pilton C fauna. Beds 
yielding a C fauna continue southward for about 360 feet when they are terminated 
by a thrust, and B beds occur from this point to the southern end of the section.
A basic dyke, which is extremely weathered, is intruded into the beds 
bearing a Pilton C fauna.
The thickness of the Pilton Beds B and C is extremely difficult to determine.
Goldring admitted that his estimates of 350 feet for each of these divisions 
are merely educated guesses. Figure 17 shows the geographic occurrence of the 
three faunal subdivisions recognised in the Fremington Pill section, and also a 
very generalised stratigraphic succession.
iv. The succession at Bampton.
This section is located in a road cutting approximately one mile east of the 
village of Bampton on the main Barnstable - Taunton road (A36l). The section is 
relatively small, its total length being about 220-250 feet, and its maximum 
height only 4̂0-50 feet. It is, however, easily accessible and the rocks are 
well exposed. The age of the rocks occurring in this section is unknown. 
Goldring (personal communication) suggests an Upper Pilton age, but the present 
author would suggest nothing more specific than Upper Devonian. Neither 
suggestion can be justified by conclusive evidence. Meischner recovered some 
organic remains from this section but the author has been unable to obtain any 
record of his findings.
The total thickness of rock exposed here is between 95-100 feet, and the 
strata dip in a southerly direction.
The Lithology of the Baggy and Pilton Beds 
i• Introduction.
It has previously been pointed out that the Devonian succession of the North 
Devon area displays an alternation of both marine and non-marine rocks. The 
Pickwell Down Sandstone, which underlies the Upcott and the Baggy Beds, is a 
continental deposit, while the succeeding Pilton Beds are of marine origin. 
Whereas the lower boundary of the Baggy Beds is marked by a sharp colour change, 
as well as a lithological change, their upper boundary is arbitrarily chosen
FIGURF 17
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because of the complete lithological gradation into the Pilton Beds.
The fauna and sedimentary structures of the Baggy Beds indicate a restricted 
facies deposited in very shallow water conditions in which strong currents were 
active. Goldring (1956) has likened this facies to the near time equivalent 
Condroz Sandstone of Belgium. He implied that the Baggy Beds were deposited in 
a tidal lagoon-type environment. However, it has not been proved that the 
Lower Baggy Beds are definitely marine, although the nature of the Upper Baggy 
Beds is more clear. These rocks were probably deposited in shallow water which 
was becoming gradually deeper, but wave action was still important.
The Pilton Bed facies is indicative of deposition in deeper water, below the 
level of wave activity. The fauna is larger and more varied than that of the 
restricted and limited fauna of the Baggy Beds. It was generally a time of more 
open water conditions. When the Upper Pilton Beds were deposited the water was 
probably even deeper than during Lower Pilton times, the deepening of the water 
being associated with the marine transgression which preceded the deposition of 
vast thicknesses of Carboniferous Limestone further to the north.
Lithologically, the Baggy Beds consist of thick, massive sandstones with 
very thinly bedded sandstones and shales. The Lower Pilton Beds are distinguished 
by the absence of massive sandstones and the predominance of thinly bedded 
sandstones and slates. Although thinly bedded sandstones and slates are important 
in the Upper Pilton Beds, a marked decrease in the proportion of sandstones 
serves to distinguish these beds from the Lower Pilton Beds.
ii. The lithology of the Croyde Bay section.
At Croyde Bay the massive sandstones of the Baggy Beds form the northern 
promontory, called Baggy Point. In addition to the massive, medium to coarse
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grained, sandstones, which attain thicknesses of 10-40 feet, and display 
current bedding, ripple marks, and a highly micaceous composition, two other 
lithological types constitute the Baggy Beds. The bulk of the sediments are thinly 
bedded sandstones and shales, while a very minor proportion of the rocks are 
composed of fossiliferous limestones. The bedded sandstones and shales (or 
sometimes siltstones) are laminated, the laminae ranging between - 10 inches in 
thickness. In any portion of the Baggy Beds succession where this lithology is 
found, the proportion of sandstone to shale or siltstone can be equal, or 
completely unequal with a greater percentage of one or the other. The thicker 
sandstone laminae often show grading. Current bedding and ripple marks may be 
strongly developed and the sandstones are micaceous throughout most of the 
section.
The relatively uncommon limestones, which occur as thin lenses within the 
thinly bedded sandstones and shales are most abundant at the base and the top 
of the Baggy Beds. They are fossiliferous, those at the base being mainly 
composed of small gastropods and pelecypods, while those at the top, where the 
beds grade into the Lower Pilton strata, are more crinoidal. These three 
lithological components occur with complete irregularity, and display no 
rhythmical pattern.
The Lower Pilton Beds of Croyde Bay!are composed predominantly of thinly 
bedded sandstones and slates. The colouration of these beds is dominantly 
brown and various shades of grey. The individual sandstones range from no 
more than pencil-thin partings to beds over a foot in thickness, and the 
thicker sandstones usually show grading. Thicker sandstone beds occur within 
the sandstone and slates, attaining thicknesses of 4-5 feet and often occurring 
in groups of 10-30 feet thick. The Lower Pilton Beds can be distinguished 
lithologically from the Upper Pilton Beds on the possession of these thicker
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sandstones, which may be of two types; (i) fossiliferous, calcareous sandstone, 
which usually exhibits current bedding, and which is invariably decalcified to 
a great depth, and (2) medium grained, brown-grey sandstone, without current 
bedding. This second type is rarely fossiliferous.
Relatively pure black slates up to 5 feet maximum thickness are found 
throughout the section. These may or may not be fossiliferous, and sandstones 
are absent from these groups.
Dispersed randomly throughout the section are thin lenses of highly crinoidal 
limestone. These bands are not common and yet are of particular importance as 
they are the major conodont-bearing horizons. They range in thickness from. 2 
inches to 1 foot and are often partly decalcified. A more detailed description 
of these lenses is given on page 5 .̂
The six lithological components of the Lower Pilton Beds at Croyde Bay, 
which have been mentioned above, succeed each other irregularly. The occurrence 
of any rock type is random, with no indication of any rhythmic or cyclic pattern 
of deposition. Figure l8 illustrates a representative portion of the Lower 
Pilton Beds lithology, north of the beach at Croyde Bay, between samples PB.19 
and PB.26. The overall colouration of the rocks ranges from brown to inter­
mediate and dark greys, while the limestones, when fresh, have, a bluish-grey hue.
Within the Lower Pilton Beds at Croyde Bay two tuff bands occur, each 
approximately 2-6 inches thick. These bands have not been located inland.
The tuffs are excellent marker horizons and have been found on both sides of the 
bay. The lower tuff, which Goldring called tuff A, occurs just under 1000 feet 
above the base of the Pilton Beds, and is separated by approximately 250 feet of 
overlying typical Lower Pilton strata from tuff B, (the name given to the upper 
tuff by Goldring). North of the beach only tuff A has been identified; tuff B 
is probably represented here but could not be found. Goldring believes that
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tuff B does not outcrop north of the bay because of erosion, but, in the opinion 
of the present author, there are more than 250 feet of strata exposed above the 
occurrence of tuff A in this part of the section.
Souuh of the beach the two tuff bands are easily located; tuff A outcrops 
four times owing to folding and faulting, and tuff B is exposed twice. When 
fresh, the tuffs are a creamy-white colour and can easily be spotted against the 
drab browns and greys of the rest of the Lower Pilton strata. An excellent 
exposure of tuff A can be seen in the core of an anticline (^-33.382) at Downend.
An equally good exposure of tuff B can be seen just north of this at Downend, 
due west of the coastguard lookout station. Microscopically the two tuffs arc- 
identical, but, in the field they are readily distinguished by the presence of a 
creamy, 6-8 inch band of thinly current laminated sandstone which, directly 
overlies tuff A but not tuff B. When weathered, the tuffs are dark in colour 
and very difficult to differentiate from the surrounding deposits. The local 
succession in the vicinity of the tuffs is a useful aid in locating these bands 
where they are more poorly exposed. Figure 19 illustrates the characteristic 
sequence of Lower Pilton deposits in the immediate vicinity of tuff A.
At the junction of the Baggy and Pilton Beds on the north side of the bay 
there occurs a contemporaneous slump. It is a prominent feature running east- 
west from Laticosta Cave (427*^-01) to Pencil Rock (423.^03). The thickness of 
the slump is between 50 and 60 feet and while its upper margin is virtually 
concordant with the bedding, the lower margin is more irregular. Smaller 
slumps of a similar nature can be seen just to the north toward Baggy Point.
The slumped beds themselves are highly contorted and show some very well-developed 
sedimentary structures; they consist of relatively coarse grained brown 
sandstone. Goldring (1956), who regards the slumps as near the Upper Baggy 
boundary, suggests that, together with the lithological change, they imply the
FIGURE 19
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relatively rapid development of a deeper water environment at this time.
A more detailed discussion of the fossiliferous limestone lenses is 
warranted because of the fact that they yielded the only significant conodont 
faunas recovered from the Baggy and Pilton Beds. These lenses, when fresh, are 
of blue-grey colouration but exhibit a brownish hue when weathered. Apart 
from their sporadic occurrence throughout the section as a whole, they are 
limited in their extent whenever they were present. They range in thickness 
from 2 inches to 1 foot, and are restricted laterally from a minimum of 3 feet 
to a maximum development of about 80 feet. At certain horizons they pinch and 
swell, whereas at others they attain a uniform thickness throughout their 
lateral extent and then lens out. In parts of the section displaying a ripple- 
marked bedding plane, the limestone deposits are limited to the intervening depr­
essions between the ripple peaks. Thus the limestones are discontinuous 
lenses or pockets occurring within the sandstone-slate sequence. The nature 
of their distribution is apparently wave or current controlled.
Thin sections of these limestones were cut for microscopic study. The
limestones were identified as calcarenites (Pettijohn 1957, p.^+Ol), although
they are somewhat impure, and a few of the fossil fragments are of a size that
would indicate a calcirudite. The groundmass is composed of calcitic mud
within which small quartz sand grains, i- - 1- mm. in diameter, are abundant.
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This quartz sand constitutes about 25$ of the rock. A further 35$ is occupied 
by large grains of recrystallized calcite, which in some cases incorporates 
smaller quartz grains. This recrystallized calcite often replaces fossiliferous 
material totally or partially. The fossil content represents the remaining 
$ of the rock. The organic material is represented by crinoids, brachiopods
and others, in that order of importance.
PLATE A. Outcrop of Tuff A and the overlying cream 
coloured sandstone in the northern limb of an anticline 
at Downend, south of the beach at Croyde Bay.
PLATE B. Enlargement of a portion of Plate A.
PLATE C. Outcrop of Tuff A and its associated cream 
coloured sandstone, due west of the Middleboro Hotel, 
north of the beach at Croyde Bay.
PLATE D. Outcrop of Tuff B due west of the Coast-Guard 
Lookout’at Downend, south of the beach at Croyde Bay.
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PLATE E. Deformation within the 'Grand Slump', north 
of the beach at Croyde Bay.
PLATE F. Deformation within 
the 'Grand Slump', Croyde Bay.
PLATE G. The 'Grand. Slump' 
Croyde Bay, viewed from the 
east.
PLATE H. Fremington Pill. The change in lithology 
between the black muddy shales of Pilton Beds B to the 
right, and the brown-grey slates and shales of the 
Pilton Beds C. View of outcrop from the west. A 
thrust-fault separates the two lithological types.
PLATE I. The occurrence 
horizon which constitutes
of the crinoidal limestone 
sample PB. 12, Croyde Bay.
PLATE J. The occurrence of the crinoidal limestone 
horizon which constitutes sample PB.27, Croyde Bay.
PLATE K. The occurrence of the fossiliferous limestone 
horizon which constitutes sample F . 5 ,  Fremington Pill.
PLATE L. The occurrence of the fossiliferous limestone 
horizon which constitutes sample F.2, Fremington Pill.
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According to Folk's classification (1 9 6 8) these limestones would fall into 
the category of biosparites.
iii. The lithology of the Fremington section. (5-17.337)
The oldest rocks in this section occur at the northern end of the narrow 
beach (see Figure 17). They are extremely weathered and composed of lenticular 
sandstones and slates. These rocks are overlain with apparent conformity, by 
younger material consisting essentially of fine grained, brown and grey shales 
and slates. Within the slates thin lenses or lenticles of fossiliferous, 
calcareous shale occur, which are totally decalcified and badly weathered. The 
average size of the lenses ranges between i  and 2 inches in thickness and 3 and 
8 inches in length.
From this point southward to a thrust, which occurs approximately 1+50 feet 
from the gate at the southermost end of the section, the lithology is composed 
almost entirely of drab, brown and grey slates. Occasional fossil lenticles 
and cherty nodules are present, and calcareous sandstone bands and other paler 
sandstones occur infrequently. The calcareous sandstones, when present, attain 
a maximum thickness of 2 feet. About 600 feet north of the gate, an almost 
completely weathered basic dyke occurs cutting through brown and grey slates.
Immediately south of the thrust mentioned above, there is a visible change 
in lithology. Black, muddy shales exhibit a marked colour contrast with the 
browns and greys of the adjacent slates. They are indicative of a deeper water 
environment and intermittent, unweathered fossiliferous limestone bands occur 
within the shales. They reach a thickness of U5 feet before being faulted out 
and succeeded by 15 feet of brown and grey slates. These slates are in tarn 
faulted out, and a further 22 feet of black shales and associated limestones occur
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Above this, faulting once more exposes the brown and grey slates, which dominate 
most of the section, and these continue to the southernmost end of the Fremington 
exposure, although here sandstones are more abundant than elsewhere in the section.
Despite the lithological changes, Goldring (1956) maintains that the rocks 
of the southernmost 150 years of the Fremington outcrop all yield a B fauna. 
Furthermore, the faults and thrusts which cut this portion of the outcrop are 
considered by him to have no significant throw.
The conodont bearing fresh, fossiliferous limestones which occur within 
the black shales were thin sectioned for microscopic study. They were found 
to be almost pure calcarenites, composed of 6O-05*¡0 fossil material, mainly in 
the form of crinoid and brachiopod fragments. The fossil material is set in 
a matrix of fine calcitic mud, which occasionally shows larger, more consolidated 
masses of the same composition. There is very little quartz sand and the size
of the constituent fossils ranges between j-g and 2 mm. There are a few larger 
crinoid fragments but these are in the minority.
This is a purer calcarenite than the Croyde Bay limestones, with little 
evidence of recrystallisation. The thickness of these limestones ranges from 
1-1+ inches, and, like their Lower Pilton conterparts, they are pod-like or 
lenticular in their occurrence. Their lenticular nature is less obvious here 
owing to the size of the outcrop as a whole. They are black in colour and 
often accompanied by substantial secondary calcite deposits.
Figure 27 shows the lithology of the southern outcrop of Upper Pilton Beds 
B. Figure 17 illustrates the lithology of the rest of the outcrop at Fremington.
iv. The lithology of the Bampton section.
Only two lithological types occur within this relatively' small section; 
brown and blue-grev shales, and fine-rrai ned i'-unin-tsnd '< '■ ae-:' > nek limestones.
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The sh a le s are in te n s e ly  weathered, and form the b u lk  o f the outcrop, w hile  the 
lim estones occur ir r e g u la r ly  and are fre sh  and devoid o f m a c ro fo s s ils . The 
lim estones range in  th ic k n e ss  from 1 to  3y feet and seven bands are w e ll exposed 
in  the road c u tt in g . F ig u re  20 i l lu s t r a t e s  the s t r a t ig r a p h ic  su cce ssio n  and 
the l it h o lo g y  o f the s tra ta  o c c u rr in g  at t h is  l o c a l i t y .
FIGURE 2Q
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2. THE STRUCTURE OF THE BAGGY AMD PILTON BEDS
i .  In tro d u c tio n
The Devonian and Carbo nifero us ro cks o f the North Devon area form the  
southern lim b o f a la rg e  a n t ic l in e  whose a x is  i s  a lig n e d  east-w est and would 
have been lo ca te d  in  the B r is t o l  Channel. These ro cks a lso  c o n s t itu te  the  
northern lim b o f the Devonshire syn clin o riu m , whose a x is  has a s im ila r  tren d .
The o v e r a ll  re g io n a l d ip  i s  1 0-20° southwards, although se ctio n s  w ith in  the  
area u s u a lly  d is p la y  d ip s  as h igh  as 50-70° or even g re a te r. The average  
s t r ik e  o f the North Devon s t r a t a ,  c lo s e ly  fo llo w s the tre n d  o f the major fo ld  
a xes, b e in g  approxim ately e ast-w est. The fo ld s  plunge at a low angle  toward 
the west and t h i s ,  to gether w ith  the e ffe c t  o f the many la rg e  northw est-southeast  
tre n d in g , d e x tra l f a u lt s  which cut the re g io n , causes the lo c a l  tre n d  o f the  
North Devon outcrops to  be WNW-ESE.
In  g e n e ra l, the Baggy Beds are s tro n g ly  fo lded and t h is  i s  most obvious In  
the in la n d  exposures such as th a t o f the Bray V a lle y .  The same ge n e ra l ru le  
can be a p p lie d  to the Lower P ilt o n  Beds. T h ru stin g  and f a u lt in g  are the main 
s t r u c t u r a l fe a tu re s o f  the Upper P ilt o n  Beds. There i s  an o v e r a ll  in cre a se  
in  the in t e n s it y  o f deform ation from the o lder to  rhe younger beds.
W ithin  the re g io n  there  are four main typ es o f f a u lt s ,  re co g n ise d  by t h e ir  
d ir e c t io n  o f d isplacem ent. These in c lu d e  (a ) e a st-w e st-tre n d in g  s t r ik e  f a u lt s ,  
which are encountered in  both the Baggy and P ilt o n  Beds, (b ) northw est—southeast- 
tre n d in g  te a r  f a u lt s ,  the most common o f the four ty p e s , b e in g  p resen t in  both 
the Baggy and P ilt o n  Beds, ( c )  n o rth e a st-so u th w e st-tre n d in g  te a r  f a u lt s  and,
(d ) n o rth -so u th  f a u lt s ,  which are the le a s t  common ty p e , be in g  r e s t r ic t e d  to the
Baggy Beds.




2. T h ru stin g  and re ve rse  f a u lt in g  (the  East-W est s t r ik e  f a u lt s ) .
1. Folding and imposition of cleavage.
The first three structural events he attributed to the Amorican orogeny, 
while the development of the north-south faulting may belong to another tectonic 
episode. Goldring also commented on the close association between the type of 
structural features and the lithology, the prime example to this being the intense 
cleavage developed in the Lower Pilton slates.
Figure 21 illustrates the major structural features affecting the outcrop 
of the Baggy and Pilton Beds in the vicinity of Barnstable.
i i .  The stru c tu re  o f the Croyde Bay se ctio n .
The lo c a t io n  and re c o g n it io n  o f two t u f f  bands i s  e s s e n t ia l i f  the s tru c tu re  
o f the  Croyde Bay se c tio n  i s  to  be in te rp re te d  c o r r e c t ly .  The s tru c tu re  on each 
sid e  o f the bay i s  not d i f f i c u l t  to  determ ine, but th e  r e la t io n s h ip  between the  
ro cks e ith e r s id e  o f the hay would be most d i f f i c u l t  to  evalu ate  w ithout the  
occurrence o f the t u f f s .  They are f a i r l y  e a s i ly  d is t in g u is h e d  and p ro vid e  the 
worker w ith two e x c e lle n t  marker h o rizo n s. The o v e r a ll  in te rp r e ta t io n  o f  the  
s tru c tu re  at Croyde Bay by G o ld rin g  (1956) was f u l l y  confirm ed by the work o f the  
present author.
At Baggy p o in t the beds are not g r e a t ly  fo ld e d , but they are fre q u e n tly  
d istu rb e d  by f a u lt in g  along a n o rth -so u th  l in e .  They d ip  g e n e ra lly  southward 
at a n g le s o f 6 5 -7 5 °, except in  the v i c i n i t y  o f the slumped beds where t h e ir  d ip s  
are o f  a lower order. South o f the slump the Lower P i lt o n  Beds continue to  d ip  
southward, w ith  a few lo c a l is e d  e xce p tio n s, at a tt itu d e s  w hich range from
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near-horizontal to near-vertical. The average dip of these beds lies between 
*+0° and 70°. Within this part of the section, tuff A outcrops in a large and 
prominent gully, due west of the Middlebro Hotel, but tuff B has not been located 
north of the bay. East-west faults are easily recognised by the deep channels 
or gullies which have been eroded by the sea along these lines of weakness.
Faults with this directional trend are the most abundant in this particular part 
of the section. Northwest-southeast tear faults are also common in this vicinity. 
Small-scale, localised folding occurs occasionally, the best examples being at 
Freshwater Gut, but in general the rocks of this area, north of the bay, dip 
southward.
South of the bay the structural picture is far more complex. There is 
some uncertainty as to what happens across the bay itself, but the p r e s e n c e  o f  a 
large syncline has been postulated by Goldring (1956) and the present authors 
work confirms this as the most probable and reasonable explanation. The rocks 
immediately south of the beach dip northward at an angle of 25-30°. They form 
the north limb of an anticline whose axis can be seen at ^3^.388. The southern 
limb of the same anticline dips southward at angles of ^0-^5°* At Downend the 
rocks are folded into a large asymmetrical syncline within which numerous smaller 
scaled folds can be seen. The axial portion of this syncline is particularly 
contorted. Figure 22a indicates the major structural features affecting the 
Lower Pilton Beds to the south of the beach, while Figure 22b and 22c provide 
a more detailed picture of the complex nature of the syncline developed at Downend.
South of Downend and around the coast to Saunton, the strata are folded by 
a series of relatively gentle, shallow anticlines and synclines. A total of 
four anticlines and three intervening synclines can be identified in the Lower 
Pilton Beds which outcrop to the south of the beach at Croyde Bay.
The faults affecting this part of the section are dominantly northwest-
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southeast trending tear faults, although at the Saunton end of the outcrop 
northeast-southwest faults are equally common.
Both north and south of the bay the slates are highly cleaved, the angle 
of cleavage is always high, being between 75° and vertical.
Figure 23 indicated the overall structure of the Croyde Bay section.
iii. The structure of the Fremington section.
From a structural point of view, this is the most complex of the three 
sections described herein. The rocks are both thrust and faulted, particularly 
in the southern half of the outcrop. Only one normal junction occurs between 
the faunal divisions that can be recognised here, the rest being formed by 
thrust faults. The northern outcrop of PiIton Beds B exhibits dips that are 
generally southward, but within these beds there is a small asymmetrical syncline 
just to the north of their thrust junction with the Pilton Beds C. The latter 
occur as gently undulating beds into which has been intruded a basic dyke.
Their southern margin is thrust against the southern outcrop of the Pilton Beds 
B. Thrusting and normal faulting are very common throughout this southern 
outcrop of the Pilton B beds although the fractures are not considered to have 
any great throws. The beds dip southward at angles of 50° - 60°. Figure 2 b  
illustrates the structure of the Fremington section.
iv. The structure of the Bam.pton section.
In contrast to the coastal exposures, the strata in the road-cutting near 
Bampton is relatively undisturbed. The beds form a conformable sequence which 
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In 1963 Miss J. Robinson embarked on a post-graduate study entitled, 
'Conodonts from the Devonian rocks of Devonshire'. She collected samples 
from Middle and Upper Devonian outcrops in both North and South Devon. Her 
collections from South Devon were restricted to the Chudleigh area, while in 
North Devon she concentrated on the Croyde Bay outcrop of the Baggy and Pilton 
Beds, the Ilfracombe Beds at Combe Martin, and a series of isolated exposures 
north of Barnstable Bay, which she termed collectively, 'Goldring's Localities'.
Upon returning to the University College of Swansea, Miss Robinson 
processed and examined the bulk of her South Devon samples, but before starting 
any work on the rocks from North Devon she decided to curtail her studies in 
this field.
Under the supervision of Professor F.H.T.Rhodes, the writer started at the 
point where Miss Robinson had terminated her work. The Pilton Beds of North 
Devon were potentially the most interesting of her collections owing to the 
fact that they are a transitional group crossing the Devonian - Carboniferous 
boundary. These samples were duly processed, as were those from her other 
North Devon collections. Further sampling of the Croyde Bay section, the 
Fremington Pill section of the Pilton Beds, the Ashford Strand section of the 
Pilton Beds and the many inland exposures of the Baggy and Pilton Beds was 
undertaken by the author.
Of the 76 samples collected by Miss Robinson from Croyde Bay, only 6 
yielded conodonts. She implemented a sample interval of 5 feet or sometimes
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10 feet over much of the outcrop south of the beach, starting at the eastern 
end of the section, below the Saunton Sands Hotel, and working her way west 
and then north to Downend. It appears that she concentrated on this southerly 
outcrop, as 7 0  of her total of 76 samples were taken from here. North of the 
beach, where the outcrop is almost as long, and stratigraphically thicker, she 
collected only 6 samples. Ironically, it was these 6 samples that yielded 
conodonts. Miss Robinson’s collection code for the Croyde Bay section was SS.
At Combe Martin Miss Robinson collected 7 samples of the Ilfracombe Beds, 
and here her collection code was S(CM). These samples were in no stratigraphic 
sequence, but merely isolated examples of' the Ilfracombe Beds from various 
localities within the Combe Martin area. No conodonts were recovered from these 
grey-black limestones.
A further 7 samples were collected by Miss Robinson from various localities 
in the area north of Barnstable Bay, namely, Heaton Punchard ¿+98.357 and 505-358, 
West Ashford 523.35^, Ashford Church 533-353, Horridge 530.355, Bradiford 550.3^, 
and Westway 562.350. No conodonts were recovered from these samples which she 
called 'Goldring's Localities'.
Despite the poor results obtained from the majority of Miss Robinson's 
samples, in terms of conodonts recovered, one important fact did emerge which 
was to help the writer in his own sampling. The only productive horizons in the 
Upper Baggy and Lower Pilton Beds were crinoidal limestone lenses, no conodonts 
being recovered from the black slates and shales which dominate the outcrops of 
these beds. Most of the slates, although treated with a variety of reagents, 
could not be disaggregated, while the softer and more calcareous black shales 
yielded no conodonts despite the fact that they could be broken down to some
degree.
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In view of these results, the present writer's collections within the 
Baggy and Pilton Beds were directed toward the location of as many crinoidal 
limestone horizons as possible. In many exposures such horizons could not be 
found, and when they were located, they were invariably uncommon and widely 
dispersed throughout the sections which were dominated by slate and shale.
In exposures where no fresh limestone could be located the most calcareous of 
the shales were sampled.
Owing to the sporadic occurrence of the crinoidal limestone lenses, no 
systematic sample interval could be used; it was rather a case of locating 
limestones wherever possible and recording their stratigraphic position 
relative to each other and to certain marker horizons within the sections.
The exposures of the Baggy and Pilton Beds can be conveniently divided 
into three types:- (a) those containing fresh limestone horizons from which 
conodonts have been recovered, the dominant slate lithology proving unproductive; 
(b) those containing fresh limestones and shales, neither of which have yielded 
conodonts; (c) those which have no fresh limestones. The sections which may 
be included in type (a) are; the Croyde Bay section, the Fremington Pill 
section and the Bampton section. Type (b) exposures are mainly found in the 
Bray Valley, however, the Bampton section could almost be included in this 
category as only a single conodont specimen has been recovered from the limestone 
horizons occurring there. Type (c) includes all the other inland exposures of 
the Baggy and Pilton Beds together with the coastal section at Ashford Strand, 
and Miss Robinson’s spot samples which she called 'Goldring's Localities'.
The writer proposes to give only the detailed stratigraphic distribution 
of the samples taken from the productive sections. Each section will be dealt
with in turn.
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Sampling of the Croyde Bay section.
Figure 25 indicates the stratigraphic distribution of those samples 
collected by Miss Robinson, and the author, from the Croyde Bay section, while 
Figure 26 indicates their geographic distribution.
A total of 36 crinoidal limestone horizons were located in the Upper Baggy 
and the Lower PiIton Beds of Croyde Bay. Their distribution was completely 
irregular, with the result that the thickness of strata between successive 
samples ranged from a minimum of 10 feet to a maximum of 250 feet. The 36 
samples collected by the author included recollections of the 6 productive 
horizons located by Miss Robinson. The crinoidal limestone lenses were 
relatively abundant north of the beach, but rare to the south. Initially,
5 kilograms of each sample were taken, but almost all horizons were resampled.
The sample code used for these limestones was PB.
A further 32 samples of calcareous sandstone were also collected in the 
hope that this lithology would yield conodonts. The sample code given to these 
was CJ. Many of these bands were too decalcified to break down, and those that 
were disaggregated to some extent proved to be non-productive. Figure 25 
illustrates the stratigraphic distribution of these bands.
In all, 138 samples were processed from the Croyde Bay section, of which 
only 3I+ crinoidal limestone horizons yielded conodont faunas. Figure 25 
illustrates the stratigraphic distribution of these productive horizons within the 
Upper Baggy and the Lower Pilton Beds. As the Croyde Bay section is folded, 
special care in recording the precise stratigraphic position of the samples was 
essential. The tuff bands proved invaluable in locating the relative position 
of the samples from either side of the bay.
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Sampling of the Fremington Pill Section.
At Fremington, the situation was the same as at Croyde Bay. A total of 
8 fresh crinoidal limestone horizons were located at this outcrop. All the 
horizons occurred within a vertical thickness of 70 feet in the southern third 
of the section. The remainder of the section was devoid of fresh material, 
but two further samples, which proved unproductive, were collected from the 
Pilton Bed C. These samples were of weathered fossiliferous shales.
The 8 limestone samples have been recollected several times but conodont 
faunas were recovered from only three of them. Within the 70 feet of strata, 
the limestones were irregularly distributed, the thickness of rock between 
successive samples varies from 3 feet to 35 feet. The sample code for this 
locality was F, and Figure 27 shows the geographic and stratigraphic distribution 
of the limestones in this section.
Sampling of the Bampton Section.
At Bampton fresh limestone beds were more evenly dispersed throughout the 
relatively limited section. Seven limestone bands were located within the 
95 feet of rock outcropping here, none of which were more than 15 feet apart 
stratigraphically. These seven bands, together with five samples of the 
interbedded slates and shales, were collected and processed. Of the twelve 
samples, only one yielded conodont material, and this was extensively 
recollected. The sample code chosen for this section was B and the 
stratigraphic distribution of the samples collected is indicated in Figure 20.
The age of the rocks occurring in the Bampton section has not been 

































A l l  the samples from the Upper Baggy and the P ilt o n  Beds, in c lu d in g  those  
c o lle c te d  by M iss Robinson, were processed a cco rd in g  to  the fo llo w in g  procedure.
F iv e  k ilo gram s o f each sample were i n i t i a l l y  c o lle c te d  from each horizon  
and t h is  t o t a l  w eight was d iv id e d  in to  two approxim ately equal p o rtio n s  o f 2y 
k ilo gra m s. The ro ck  was then broken in to  sm all fragm ents o f maximum diam eter 
1 in ch . The fragmented p o rtio n s  were p laced  in  p la s t ic  buckets and immersed in  
a 1% com m ercial a c e t ic  a c id  so lu tio n . Each bucket was c a r e fu l ly  la b e lle d  and 
stored on wooden ra c k s . A fte r  a p e rio d  o f k to  6 days the contents o f each 
bucket were wet sieved and any u n d isso lve d  ro ck  was re a c id e d  w ith the same 
co n cen tratio n  o f a c e t ic  a c id . A fte r  a fu rth e r 4 to  6 days the contents o f the  
buckets were sieved once a ga in , and i f  n ecessary  fu rth e r  a c id  treatm ent and 
s ie v in g  continued u n t i l  on ly in s o lu b le  ro ck  m a te ria l remained. H o rizo n s which  
were resampled were processed in  the same way, a fu rth e r  3 to  U k ilo gra m s being  
the average w eight re c o lle c te d .
The lim estones c o lle c te d  were r a p id ly  d ig e ste d  by t h is  method, but the le s s  
ca lca re o u s samples showed l i t t l e  or no breakdown. A v a r ie t y  o f other reagents  
were used in  an e f f o r t  to  d isa g gre ga te  the l a t t e r ,  in c lu d in g  form ic a c id ,  
hydrogen p e ro x id e , sodium hydroxide and kerosene. By fa r  the most s u c c e s s fu l 
was 90 volume hydrogen p eroxide. P a r t ic u la r ly  durable  s la t e s  were broken down 
to  some extent by the employment o f freeze-thaw  te ch n iq u e s.
Four s ie v e s  were used in  the wet s ie v in g  p ro ce ss , the mesh s iz e s  b e in g , 
from top to  bottom, 25, 50, 100, 200. M a te ria l trapped in  the f i r s t  s ie ve  was 
re tre a te d  w ith  a c id ,  w h ile  th a t trapped in  the bottom three  s ie v e s  was re ta in e d  
and a ir - d r ie d .  The re s id u e s  re ta in e d  on each o f these  th ree  s ie v e s  were
is o la te d . E x ce ss  m oisture in  each re s id u e  was removed by sim ple f i l t e r i n g  in
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a c o n ic a l fu n n e l, and then the sieved m a te ria l was spread on f i l t e r  paper and 
allow ed to  dry  at normal room tem peratures.
When dry the samples (which were in  three  separate p o rtio n s  corresponding  
to  the s iz e  o f the s ie v e s) were b o ttle d  and la b e lle d . Some o f the d i r t i e r ,  
muddy re s id u e s  recovered a fte r  s ie v in g  were washed and b o ile d  in  m etal saucepans 
to  e lim in ate  the very f in e  mud and s i l t .  Im m ediately a fte r  the saucepan i s  taken  
from the heat and tu rb u len ce  sto p s, the h e av ier conodonts s in k  to  the bottom 
and the l i g h t ,  f in e  sedim ent, which i s  s t i l l  in  suspension, can be s a fe ly  decanted.
In  order to  reduce the amount o f m a te ria l to  be examined m ic ro s c o p ic a lly ,  
each in d iv id u a l re s id u e  obtained from s ie v in g  was separated by u s in g  heavy 
l iq u id s .  Two methods o f heavy l iq u id  separatio n  have been employed, one u s in g  
bromoform and another u s in g  tetrabrom oethane. The former method was used 
w hile  the w r ite r  was w orking at the U n iv e rs ity  C o lle g e  o f Swansea, w h ile  the  
la t t e r  was introduced d u rin g  h is  year at the U n iv e r s ity o f  M ichigan.
Bromoform Method.
The d rie d  re s id u e  i s  poured in to  a se p ara tin g  funnel c o n ta in in g  c le a n , pure 
bromofrom, and s t ir r e d  at frequent in t e r v a ls .  The s p e c if ic  g r a v it y  o f the  
bromoform i s  2 .6 to  2.8, whereas th a t o f conodonts i s  2.84 to  3 -10 , consequently  
the conodonts, p lu s  any other m a te ria l w ith  a d e n s ity  h igh e r than th a t o f  
bromoform, f a l l  to  the bottom o f the se p a ra tin g  fu n n e l. The l ig h t e r  m a te ria l 
f lo a t s  on the su rfa ce  o f the l iq u id .  A fte r  one or perhaps two hours, the heavy 
f r a c t io n  i s  run o f f  and caught in  f i l t e r  paper. The bromoform i s  drained from 
the heavy f r a c t io n  and re b o ttle d , and then the sample i t s e l f  i s  washed thoroughly  
w ith methanol to  remove the tra c e s  o f heavy l iq u id .  A fte r  w ashing, the sample 
i s  r a p id ly  d rie d  in  a furnace w h ile  the m ixture o f bromoform and methanol w ashings 
i s  set a sid e  fo r  la t e r  re co ve ry  o f the bromoform.
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The l ig h t  f r a c t io n  o f the re sid u e  i s  now run o f f ,  washed and d rie d  in  a 
s im ila r  way, and the bromoform re b o ttle d  fo r fu rth e r use. To re cap tu re  the  
bromoform from the methanol w ashings, the m ixture i s  shaken in  a se p ara tin g  
funnel w ith c le a n  w ater. The water e x tra c ts  the methanol from the m ixture  
form ing a m ilk y  l iq u id  which f lo a t s  on top o f the bromoform. The funnel i s  
allow ed to  stand overn igh t and the bromoform can be run o f f .  I f  c le a r  c a lc i t e  
( s p e c if ic  g r a v it y  2 .7 2 ) f lo a t s  on the heavy l iq u id  i t  i s  then pure enough to be 
used once more.
Tetrabromoethane Method.
The p r in c ip le  i s  e x a c t ly  the same as that o f the p re v io u s ly  d e scrib e d  
method. The use o f tetrabrom oethane i s  p re fe ra b le  because o f i t s  h igh er  
s p e c if ic  g r a v it y  o f  2 . 89 , i t s  lower t o x ic i t y ,  i t s  low v o l a t i l i t y  and r e la t iv e ly  
in o ffe n s iv e  odour. Furtherm ore, tetrabrom oethane i s  v e ry  e a s i ly  recovered  
from w ashings, an im portant c o n s id e ra tio n  when u s in g  t h is  r e la t iv e ly  expensive  
l iq u id .
The re s id u e  i s  allow ed to  s e t t le  out in  tetrabrom oethane fo r  one to  two 
hours, although a lo n g e r p e rio d  o f tim e i s  d e s ira b le  i f  the l iq u id  i s  ve ry  pure. 
The d ilu t io n  o f  such pure forms o f t h is  l iq u id ,  to  a s p e c if ic  g r a v it y  o f 2 .7 5 , 
i s  recommended to make the p ro cess more ra p id . The heavy and l i g h t  f r a c t io n s  
are washed w ith  w hite g a so lin e  before b e ing d r ie d , and the tetrabrom oethane i s  
recovered by sim ply a llo w in g  the g a so lin e  to  evaporate.
H aving d rie d  the heavy and l ig h t  f r a c t io n s ,  the la t t e r  are stored and the  
heavy m a te ria l examined m ic ro s c o p ic a lly ,  u s in g  a b in o c u la r  m icroscope capable  
o f m a g n ific a t io n s  o f the order o f at le a s t  x60. The m a te r ia l i s  sca tte re d  on a 
p e t r i  d is h , which has been squared by some means, then s y s te m s t ic a lly  searched  
fo r conodonts and other o rgan ic  m a te ria l. U sin g  a f in e  b ru sh , the conodonts
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are picked and mounted on microscope slides which are divided into 60 or 100 
squares. Tragacanth is used to mount the specimens on the slides.
To aid identification the conodonts are photographed orally, aborally 
and laterally. The photographic prints produced for this purpose display 
magnifications of x^O the original size of the conodont elements. The camera 
used in Swansea was a Leitz Aristophot, while that used in the University of 
Michigan was a more sophisticated version of the same apparatus.
Preservation of the conodont faunas.
The conodonts recovered from the Croyde Bay and Fremington Pill sections 
were black and opaque. However, in some of the more delicate forms 'white 
matter' was visible at the extreme tips of the denticles. The one conodont rec­
overed from the Bampton section was grey-brown in colour and also opaque.
A considerable number of the conodonts ffom the Pilton Beds were incomplete, 
the blades of the platform types were often missing, and few of the bar, blade 
and pick types were without some small fracture. However, the problem of break­
ages was less significant than that posed by minute quartz and calcite crystals 
which were often found adhering to the surface of specimens, obscuring their 
detailed form. Two techniques were employed in an attempt to clean specimens 
of these crystals, (a) using ultrasonic vibrations and (b) using hydrofluoric 
acid. The ultrasonic vibrator proved to be too violent and shattered the 
conodonts themselves, while the procedure involving the use of hyrofluoric acid 
is so intricate (too great a concentration of the acid attacks the conodont 
material) that this was also abandoned. Some cleaning was ultimately effected 
under the microscope, by careful and meticulous manual scraping of the specimens 
with a very fine needle.
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There follows a list of the collecting data for the unproductive coastal and 
inland outcrops of the Upper Baggy and Pilton Beds investigated by the author.
Piaistow Quarries (576.373) at Bradiford Water - From this outcrop of the Baggy 
Beds in the Bradiford Water Valley, four spot samples were taken from the thick 
occasionally fossiliferous sandstones which dominated the lithology.
Exposures in the Caen River Valley - Outcrops of both the Baggy and Pilton Beds 
occur in this valley, but no samples were collected due to the unsuitable 
lithologies that were encountered at all the sections located.
Lobb (i+70.370), east of S aunt on - No samples of the massive Baggy Beds sandstone 
were collected from this outcrop.
North Lobb (^70.380)- Two spot samples were collected from the almost horizontally 
bedded fossiliferous slates and sandstones at this locality.
Quarries in the Bray River Valley between Brayford (680.3^-0) and Charles (690.320) 
Here outcrop the best inland exposures of the Baggy Beds ina series of road-side 
quarries. Collections were made at Council and Notts Quarries (693.327)?where 
seven and five samples respectively were taken from the interbedded sandy 
limestone, massive sandstones and calcareous shales. Only the horizons which 
appeared to be more calcareous were sampled and hence the sample interval was 
inconsistent. No samples were collected from Bondy's Pit (688.339)? Moule's 
Chamber (689-338) and Wilcombe Quarry (688.336).
Rumsam Road, Barnstable (570- 31*0 - At this outcrop the boundary between the 
Upper Pilton Beds and the Codden Hill Cherts can be seen. A single sample of 
the bedded cherts was collected, immediately above the last occurrence of the
Upper Pilton slate lithology.
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Poleshill Quarry, Worth Barnstable (550.3^5) - No samples were collected at this 
locality.
Barnstable Junction Station, Barnstable - Here the Upper Pilton Beds outcrop to 
the south of the railway track in a relatively high rock face. Twelve samples 
of the sandstone, slate and shale lithology were collected at 5 feet intervals 
from the base of the exposure.
Blatchford House, North Barnstable (5 & I 1 359) - No samples were collected from 
this outcrop.
Ashford Strand - At this locality Goldring's local faunal subdivision A3 outcrop 
The exposures occur as reefs on the narrow shore, although occasional patches 
of rock are found in the very low cliffline of the estuary. The lithology is 
dominated by sandstones and slates, some of which are fossiliferous. Eleven 
spot samples were taken of the more fossiliferous material located within this 
section. The sample interval utilised was irregular in order to accommodate 
the irregularity of occurrence of the more fossiliferous horizons.
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CHAPTER 5
FAUNA ASSOCIATED WITH THE CONODONTS OF THE UPPER BAGGY AND THE PILTON BEDS.
As has been explained in Chapters 3 and the conodonts recovered from 
the Pilton Beds and underlying Upper Baggy Beds were restricted to the infrequently 
occurring crinoidal limestone lenses. These lenses were composed of shell 
debris and limestone and the ratio of these two constituents was highly variable. 
Some lenses were almost wholly made up of shell fragments, of which brachiopods, 
crinoids, pelecypods, gastropods, trilobites and a few corals were most abundant, 
while other lenses were composed primarily of crystalline limestone with only 
disarticulated crinoid and blastoid columnals. Owing to the nature of their 
deposition, the macrofossils found in the limestone lenses were invariably 
difficult to identify.
In the slates, shales and sandstones which constitute the bulk of the 
Pilton Beds, relatively well preserved macrofaunas may be collected. Goldring 
(1955) recovered readily identifiable macrofaunas from both the Baggy and 
Pilton Beds, but he made no detailed study of the fauna from the lower beds.
He noted that thick-shelled pelecypods and gastropods were the main faunal 
elements in the Baggy Beds, together with an abundance of plant stems but a rarity 
of plant leaves. Fish scales were also common in these beds but the only common 
brachiopod was Lingula. Indications of former benthic life was present in the 
form of burrows and tracks of various kinds.
The fauna of the Pilton Beds is more diverse. Brachiopods are represented 
ujf productids, spiriferids, orthotetids, orthids, athyrids and rhynconellids. 
Pelecypods, gastropods, and trilobites are not uncommon, and goniatites, although
rare, were found in the Upper Pilton Beds. Corals, echinoderms and bryozoa 
have also been identified from these beds.
On the basis of the characteristic macrofauna, Goldring was able to 
divide the Pilton Beds into three major faunal divisions, the oldest of which 
could be further divided into three subdivisions. Each of Goldring's divisions 
and its characteristic fauna are listed in ascending order:-
PILTON BEDS A: - containing Phacops (P.) accipitrinus.
Pilton Beds Al: type locality Laticosta Cave (^27.^01)
- containing Whidbornella pauli, W. caperata, Hamlingella 
capillaris, Mesoplica praelonga, Cyrtospirifer verneuili.
- absent Hamlingella piltonensis.
Pilton Beds A2: type locality 'Tuff' band A.
- containing W. caperata, H. capillaris. M. praelonga,
M. simplicoir, £. verneuili.
- absent W. pauli, H. piltonensis.
Pilton Beds A3: type locality Poleshill Quarry (550.3^5)
- containing W. caperata, H. piltonensis, M. simplicoir, 
Dictyoclostus sp. 1, £. verneuili, Spirifer tornacensis.
- absent H. capillaris.
PILTON BEDS B: type locality Fremington Station (517-335)
- containing Gattendorfia crassa, Cyrtosymbole (Macrobole) 
hercules, £. ( m ) duodecimae, £. (M.) mulesi, £. (Waribole) 
porteri, Buxtonia paeckelmanni, Productina fremingtonensis, 
Spirifer tornacensis, Syringothyris.
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- absent Whidbornella, Hamlingella, Cyrtospirifer 
verneuili, M. praelonga, M. simplicoir.
PILTON BEDS C: type locality Ladywell Wood Quarry (517.358).
- containing Piltonia salteri, P. fremingtonensis, 
Dictyoclostus porteri, Spirifer tornacensis.
These then are the local faunal divisions that Goldring was able to 
recognise in the Pilton Beds, on the basis of the macrofossils that he identified. 
A complete faunal list submitted by Goldring (1958) is given in the following 
pages.
FAUNAL LIST FOR PILTON BEDS Al.
Phacops (Phacops) accipitrinus Rud. & E. Richter 
Whidbornella caperata (Sowerby)





Derbyia kayseri Gallwitz 
Leptaena analoga (Phillips)
Cyrtospirifer verneuili (Murchison)
Athyris of. lens (Winchell)
Nudirosta laticosta (Phillips)
Camerotoechia letiensis (Gosselet)




FAUNAL LIST FOR PILTON BEPS A2.
Phacops (Phacops) accipitrinus Rud. & E. 
Whidb omelia caperata (Sowerby) 
Hamlingella capillari s (Reed.)
Mesoplica praelonga (Sowerby)
Mesoplica simplicoir (Whidbourne) 
Zaphrentis ornaiiusi Edwards & Haime 
Pleurodictym sp.
Dalmanella interlineata (Sowerby) 
Dalmanella whidbornei Gallwitz 
Derbyia kayseri Gallwitz 
Leptaena analoga (Phillips)
?Spiri fer tornacensis de Koninck 
Cyrtospirifer verneuili (Murchison) 
Cyrtospirifer julii Dehee 
Athyris concentrica van Buch 
Crurithyris unquiculus (Sowerby) 
Camerotoechia letiensis (Gosselet) 
Aviculopecten (A) transversus (Sowerby) 
Aviculopecten (A) nexilis (Sowerby) 
Aviculopecten (A) auritus (Whidborne) 
Pterinopecten halli Whidborne 
Streblopteria piltonensis (Whidborne) 
Streblopteria lepis (Whidborne) 
Ctenodonta lirata (Phillips) 
Sanguinolites spp.
Riehter
Raphistoma junius de Koninck
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Capulus compressus Goldfuss 
Bellerophon labyrinthoide s Whidborne 
Orthoynchia acuta Römer
FAUNAL LIST FOR PILTON BEDS A3










Rhipidomella michelini Leveille 
Derbyia kayseri Gallwitz
Streptorhynchus (Schuchertella) paeckelmanni Gallwitz 
Streptorhynchus (Schuchertella) portlockiani (Von Sem) 
Leptaena analoga (Phillips)
Spirifer tornacensis de Köninck 
Spirifer strunianus Gosselet 
Cyrtospirifer verneuili (Murchison)
Cyrtospirifer julii Dehee 
Spiriferellina bouchardi (Murchison)
Athyris concentrica van Buch 
Crurithyris unquiculus (Sowerby)
Aviculopecten (A) transversus (Sowerby)
Aviculopecten (A) nexilis (Sowerby)
78
Aviculopecten (Girtypecten) austeni (Römer) 
Pterinopecten halli Whidborne 
Streblopteria piltonensis (Whidborne) 
Streblopteria hicksii (Whidborne) 
Sanguinolites porteri Whidborne 
Sanguinolites spp.
FAUHAL LIST FOR PILTON BEDS B
Streptorhynchus (Schuchertella) portlockiani (v. Sem) 
Imitoceras sp.
Gattendorfia crassa Schindewolf 
Gattendorfia sp.
Cyrtosymbole (Macrobole) hercules Rud. & E. Richter 
Cyrtosymbole (Macrobole) duodecimae R. & E. Richter 
Cyrtosymbole (Macrobole) mulesi R. & E. Richter 
Cyrtosymbole (Waribole) porteri Goldring 
Brachymetopus (B) woodwardi (Whidborne)
Productina fremingtonensis (Reed)
Buxtonia paeckelmannl Paul 
Buxtonia nigra (Gosselet)
Linoproductus cf. corrugatus (McCoy)
Avonia sp. nov. 1
Spirifer tornacensis de Köninck
Syringothyris spp.




D erbyia  k a y s e r i G a llw itz  
Streptorhynchus paeckelm anni G a llw itz  
Leptaena analoga P h i l l ip s  
Sch izo p h o ria  re su p in a ta  (M artin)  
Cam erotoechia pleurodon ( P h i l l ip s )  
S tre b lo p te r ia  p ilt o n e n s is  (Whidborne) 
A vicu lopeeten c f .  w a s s e r fa lle n s is  Paul 
L e io p te r ia  bodana Römer 
P tychomphalus c f .  sp. 1 Paul 
Loxonema c f .  a n g l icum d 'O rb ign y  
P le u rodictym  sp.
D alm anella b e rg ic a  (K ay se r)
C r u r it h y r is  un q u icu lu s (Sowerby) 
A vicu lo p e cte n  (A) n e x i l i s  (Sowerby) 
P terino pecten  h a l l i  (Whidborne) 
S tre b lo p te r ia  h i c k s i i  (Whidborne) 
S a n g u in o lite s  mimus Whidborne 
S a n g u in o lite s  spp.
Cvpricardinia scalaris Phillips 
Ptychomphalus spp.
Raphistoma ju n iu s  de Köninck  
Bellerophon spp.
S p i r i f e r e l l in a  p e r p lic a t a  North 
S p ir i f e r e l l in a  sp. nov. 1 
S p ir i f e r e l l in a  sp. nov. 2 
A th y r is  c o n ce n trica  von Buch 
A th y r is  sp. nov. 1
Avonia schm idti Packelmann
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Streptorhynchus p o rtlo c k ia n a  (von Sem) 
Ptychomphalus spp.
FAUNAL L IS T  FOR PILTON BEDS C .
Im ito ce ra s  sp.
P i lt o n ia  s a l t e ri  G o ld rin g  
Brachymetopus (B) woodwardi (Whidborne) 
P ro ductina  frem ington ensis (Reed) 
Avonia sp. nov. 1
Linoproductus c f .  co rru gatu s (McCoy) 
S p ir l f e r  to rn a c e n s is  de Köninck  
C le io th y r id in a  r o y s i i  ( L e v e i l le )  
A vicu lo p ecten  n e x i l i s  (Sowerby) 
A vicu lopecten  c f .  w a s s e r fa lle n s is  Pau l 
C y p r ic a rd in ia  s c a la r ls  P h i l l i p s  
Bellerophon sp.
Ptychomphalus spp.
D alm anella b e rg ic a  (K a y se r)  
S tre b lo p te r ia  h i c k s i i  (Whidborne) 
Capulus sp.
S a n g u in o lite s  spp.
A th y r is  sp. nov. 1 
S p ir i f e r e l l in a  p e r p lic a t a  North  
B ra c h y th y r is  r a t in g e n s is  Paul 
Streptorhynchus paeekelmanni G a llw it z  
P l ic a t i f e r a  la m e llo sa  Paul 
D ic ty o c lo s tu s  p o rte ri  (Reed)
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In  a d d itio n  to  conodonts, many other typ es o f o rgan ic rem ains were 
recovered from the lim estone re s id u e s  which were examined m ic ro s c o p ic a lly .
Most abundant were f is h  te e th  and p la te s ,  sponge s p ic u le s ,  and ostracod  molds 
and c a s t s .  A sm all sp e cies o f gastropod was p a r t ic u la r ly  p r o l i f i c  in  c e r ta in  o f  
the Lower P ilt o n  samples, and bryozoa were w e ll represented in  se v e ra l h o rizo n s. 
I t  has been mentioned in  Chapter 2, Se ctio n  C , th a t the spore H ym enozonotriletes  
le p id o p h y tu s, has been is o la te d  from three  h o rizo n s in  the Lower P ilt o n  Beds.
Although t h is  chapter i s  e s s e n t ia lly  concerned w ith the fauna a sso c ia te d  
w ith  the conodonts o f the P ilt o n  Beds, at t h is  ju n ctu re  i t  i s  convenient to  
in c lu d e  a l i s t  o f conodonts prepared by D .L .D in e le y . A l l  the conodonts l i s t e d  
are from a h o rizo n  approxim ately 120 metres above the base o f the P ilt o n  Beds 
on the Saunton Sands foreshore .
Gnathodus texanus Roundy








Pelekysgnathus nigrus n. sp.
Pelekysgnathus serratus n. sp.
Pelekysgnathus thomasi n. sp.
Polygnathus adola Cooper 
Polygnathus c f .  P. decorosus S ta u ffe r
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Polygnathus cf. P. spicata 
Polygnathus symmetrica
N eoprioniodus c f .  P. co n flu en s Branson & Mehl 
Neoprioniodus c f .  P. c o rn ig e r  Branson  
Neoprioniodus spp.




Spathognathodus elongatus Branson & Mehl 
Spathognathodus cf. _S. regularis Branson & Mehl 
Spathognathodus sauntonensis n .sp. 
Synprioniodina forsenta Stauffer 
Tripodelluoplanus n.sp.
T h is  l i s t  d i f f e r s  w ith  th a t o f the present author in  th re e  s ig n if ic a n t  
re s p e c ts . ( l )  I t  re co rd s no specimens o f Spathognathodus a cu le a tu s  and i t s  
c lo s e  r e la t iv e s ,  t h is  sp e cie s  i s  ve ry  abundant in  the a u th o r 's  c o l le c t io n s .
(2 )  The genus, Pseudopolygnathus, does not appear on D in e le y ’ s l i s t ,  a form  
which dominates the conodont fauna in  v i r t u a l ly  a l l  the Lower P i lt o n  samples 
examined by the author. (3 )  The authop has noted specimens which lo o k  l i k e  
Gnathodus te xa n u s, but co n sid e rs  th a t such forms are ju v e n ile  pseudopolygnathids.
The two l i s t s  agree on the presence o f I c r io d u s , Pe lekysgnathus and 
Po lygn a th u s, and the  absence o f P a lm a to le p is .
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CHAPTER 6
DISTRIBUTION OF THE CONODONT FAUNAS WITHIN THE UPPER BAGGY AND
THE PILTON BEDS
An account of the stratigraphic distribution and total number of conodont 
bearing horizons, located in the Upper Baggy and the Pilton Beds, has been given 
in Chapter k . The present Chapter concerns the distribution of the conodont 
faunas themselves. A description of this nature may be conveniently accomplished 
under two sub-headings, (a) the numerical distribution of the conodonts within 
the horizons samples, and (b) the stratigraphic range of the genera, species 
and subspecies within the Upper Baggy and the Pilton Bed successions.
(a) The numerical distribution of the conodont faunas.
Table 1 shows the total number of identifiable conodonts recovered from each 
horizon sampled in the Upper Baggy and the Pilton Beds. The weight of rock 
initially collected at each horizon is recorded, as is the weight of any 
recollections that were made. A histogram has been constructed to express the 
number of conodonts yielded per kilogram of rock from each of the productive 
horizons (see Figures 28 & 29)-
(b) The stratigraphic range of the important conodont taxa.
Figure 30 illustrates the range of the individual conodont genera within the 
Upper Baggy and the Pilton Beds. Figure 31 shows the range of the species and 
subspecies of the genus Spathognathodus, while Figure 32 of the genus Polygnathus. 
The ranges of the pseudopolygnathid, icriodid and pelekysgnathid species are 
included in the same Figure (Figure 33), as only two species of each genus were
identified.
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The 'b la d e ' and 'b a r' type conodont elements recovered from the Upper Baggy 
and the P ilt o n  Beds, were present throughout the su cce ssio n s and consequently, 
they were not s t r a t ig r a p h ic a l ly  im portant. They have been s y s te m a t ic a lly  
d e scrib e d  in  only a ve ry  gen era l way.
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TABLE 1
THE NUMERICAL DISTRIBUTION OF THE CONODONT FAUNAS RECOVERED 
FROM THE UPPER BAGGY AND THE PILTON BEDS
SAMPLE NUMBER WEIGHT OF WEIGHT OF TOTAL NUMBER
AND CODE INITIAL SAMPLE SAMPLE RECOLLECTED OF IDENTIFIABLE 
CONODONTS
F.9 5 kilograms 0 kilograms -
F. 8a 5 0 -
F .8 5 b 91
P.7 5 0 -
F .6 5 k ibO
F.5 5 3 51
F. 5a 5 0 " -
F.3 5 0 -
F. 2 5 0 -
F.l 5 0 " -
F = Samples collected, by the author from the Fremington coastal exposure.
PB .36 5 kilograms 2 kilograms 62
PB.35 5 3 179
PB.31* k 1.5 ” 12
PB.33 4.5 " 0 0
PB.32 b b 0
PB. 31 3 0.5 16
PB.30 5 " 3 15















































































































SAMPLE NUMBER WEIGHT OF WEIGHT OF OF IDENTIFIABLE
AND CODE INITIAL SAMPLE SAMPLE RECOLLECTED C0N0D0NTS
PB. 4 5 kilograms 3 kilograms 172
PB. 3 5 0 33
PB. 2 5 1 193
PB. 1 5 2 8
PB = Samples of fossiliferous 
Croyde Bay.
limestone collected by the author from
B. 12 5 kilograms 0 kilograms -
B. 11 5 h -
B. 10 5 0 -
B.9 5 5 -
b .8 5 0 -
B.7 5 25 " 1
B .6 5 5 -
B. 5 5 0 -
B . k 5 0 " -
B.3 5 0 " -
B.2 5 5 -
B.l 5 3
B = Samples of fine-grained limestone collected by the author from 
Bampton exposure.
N.B. In the three exposures listed, above, all the sampled horizons are 
arranged in stratigraphic order. The samples tabulated in the 
remainder of Table 1 are not in stratigraphic order.
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TABLE 1 (Continued)
iMPLE NUMBER WEIGHT OF WEIGHT OF
TOTAL NUMBER 
OF IDENTIFIABLE
AND CODE INITIAL SAMPLE SAMPLE RECOLLECTED CONODONTS
CJ.l 4 kilograms 0 kilograms -
CJ.2 5 0 M -
CJ.3 5 0 ft -
CJ.4 5 0
ft -
CJ.5 3-5 " 0 t? -
CJ.6 5 0 ff -































c j .18 b 0 ft -
CJ .19 5 0 ft -
CJ. 20 5 0 ft -
CJ.21 5 0 tf -
CJ . 22 4.5 " 0 ft -
CJ.23 5 0 ft -
CJ . 2b 3.5 " 0 If -
CJ.25 3.5 " 0 tf -




SAMPLE NUMBER WEIGHT OF WEIGHT OF OF IDEN TIFIABLE
AND CODE INITIAL SAMPLE SAMPLE RECOLLECTED CONODONTS
CJ.27 5 kilograms 0 kilograms -
CJ.28 5 0 M -
CJ.29 k 0 IT -
CJ.30 5 " 0 T -
CJ.31 5 " 0 !t -
CJ.32 5 " 0
t! -
CJ = Samples 
author
of calcareous sandstone 
from Croyde Bay.
and sandy limestone collected by the





















SS.12 2.5 " 0
T -
SS.13 3.5 " 0
T -
SS.lU 3 0 T -
SS.15 5 0 M -
SS.16 5 0 Tt —
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TABLE 1 (Continued)
sMPLE NUMBER WEIGHT OF WEIGHT OF
TOTAL NUMBER 
OF IDENTIFIABLE
AND CODE . INITIAL SAMPLE SAMPLE RECOLLECTED CONODONTS
SS.17 3 kilograms 0 kilograms -
SS.18 3 Tt 0
tt -
SS.19 5 It 0
tt -
SS.20 5 M 0 tt -
SS.21 3 tt 0
tf -
SS.22 3 M 0 ft -
SS.23 3.5 tt 0
ft -
SS. 2k 5 tt 0
tt -
SS.25 5 ft 0
tt -
SS.26 5 tf 0
M -
SS.27 5 tt 0
ft -
SS.28 if tt 0 ft -
SS.29 3 t! 0
tt -
SS.30 5 ft 0
tt -
SS.31 5 tt 0
ft -
SS.32 3 It 0
tf -
SS.33 3 tt 0
tf -
ss.3^ 3 tt 0
tt -
ss.35 5 tt 0
ft -
SS.36 3 tt 0
ft -
SS.37 3 tt 0
tt -
SS.38 5 tf 0 It -
ss.39 3 ft 0
tt -
ss.Uo 5 If 0 tt -











Q O O 7 7 7™ O1 "O 77: 7 0 F.ilograras -
33.33 r, " 0
If -
sc. 33 ¡ : M 0 ” -
n n 11 j- DG . -r j r, 0
p -
ss,6o c " 0
1♦
-
33,61 7 r 0
p -
SS. 62 7 "■j 0
T? -
33.63 7  " 0
r ! -
r,n7 o . 0‘+ 3 0
M -
33.65 17 ,r 0 -
SS. 66 3o ” 0
1» -
3 7. 67 T) I* 0
r -
33.68 G " G 0
r -
c o 70 5 ' 0
*t -










33.76 O " 0
P -




'ÏQ 0 •[ 7 ’■•M 0
P -




SAMPLE NUMBER • WEIGHT OF WEIGHT OF OF IDENTIFIABLE
TABLE 1 (Continued)
AND CODE INITIAL SAMPLE SAMPLE RECOLLECTED CONODONTS
ss. 83 3 kilograms 0 kilograms -
03.88 0 -
on O r 5 0 -
33.86 0 n 0 -
3,3.87 8 0 " -
S3.90,PB.11 r~ n2 0 13
SS.91,PB. 10 5 k " 261
SS.IOOjPB.6 5 2 82
SS.101,PB . 7 5 2 ,r 13
SS.102,PB. 8 5 2 36
SS.103.PB.l8 5 2 32
SS = Samples 
Miss J.
of slates, shales and 
Robinson from Croyde
.6 limestone horizons 
Bay.
collected by
SC. 2a 8 kilograms 0 kilograms _
SC. 2b L " 0 -
SB. 5 8 0 -
SB. 8 3 0 -
SB. 3 8 0 -
S Brad r 0 -
S (West) 5 0 "
Samples of s la t e s  and sh ales c o lle c te d  by M iss J .  Robinson from se v e ra l 
































H ISTOGRAM INDICATING THE NUMBER OE CONODONTS Y IE LD E D , PER K ILO G R A M  OF. 
ROCK., FROM THE PRODUCTIVE HORIZONS W IT H IN  THE UPPER BAGGY. AND T H E .
P ILTO N BEDS








































HISTOGRAM INDICATING THE NUMBER OF CONOPONTS Y IE LD E D^ PER KILOGRAM OF 
ROCK . FROM THE PRODUCTIVE HORIZONS WITHIN THE UPPER BAGGY AND THE
PILTON BEDS

















H IB B A R D E LLA  
PELE K YSGNATHUS
POLYGNATHUS
P S E U DOPOLYGNATHUS
ÎCR40DUS





































































STRATIGRAPHIC RANGES OF THE SPECIES AND SUBSPECfES 
OF TH_E GENUS SPATHOGNATHODUS J_N_ IH E  UPPER BAGGY 




































































STRATIGRAPHIC RANGES OF THE SPECIES AND SUBSPECIES
OF THE GENUS POLYGNATHUS 















































































STRATIGRAPHIC RANGE OF U d£
FIGURE 32
SPECIES OF THE. GENERA
PSF1 IDO POLYGNATHUS, ICRIODUS AND PE LE KYSG.NA J.H US IN





















CORRELATION OF THE UPPER BAGGY AND PIETON BEDS 
WITH OTHER AREAS OF THE WORLD
hr. has been mentioned in  e a r l ie r  ch a p te rs, the P i I t  on Beds have been, 
assessed by G o ld rin g  (1956) to be of Devonian age in  their lower p a rt and 
C arb o n ife ro u s ape in  t h e ir  upper p a rt. G o ld rin g  stud ied  the brachiopocl, 
t r i l o b i t e  and g o n ia t ite  faunas o f the Baggy and P ilt o n  Beds, e s ta b lis h in g  
th ree  lo c a l fnurnd. diLvisdons, A., B & 0 , the newest o f w hicn, A, can be 
further subdivided into three s u b d iv is io n s . The Devonian -  C arb o n ifero u s  
boundarv occurs at the ju n c t io n  o f Bods A 8c B, b u t, the Ju n ctio n  o f the  
Lower and Upper l i t h o lo g ic a l  d iv is io n s  o f the P ilt o n  Beds f a l l s  w ith in  the  
A3 fau n a l d iv is io n  (see F ig u re  3 -̂)•
The conodont faunas o f the Baggy and Pilton Beds are  r e la t iv e ly  
p o o rly  preserved and one le s s  continuous stratigraphically than the  
macrofaunas u t i l i s e d  by G o ld rin g , by v ir t u e  os ube fa c t  th a t they may be 
recovered on ly  from s p o ra d ic a lly  o c c u rr in g , c r m o id a l lim estone bands. 
N e ve rth e le ss, the conodonts serve to  v e r i f y  the co n clu sio n s  and r e s u lt s  
o f G o ld rin g , p a r t ic u la r ly  in  the Lower P ilt o n  Beds where they are most 
abundant.
For ease o f d e s c r ip t io n , the conodont faunas o f the Upper Baggy and 
the P ilt o n  Beds can be considered in  two separate groups a cco rd in g  to  
t h e ir  geogr,aphic lo c a l i t ie s .  The f i r s t  group in c lu d e s  the faunas lo ca te d  
at Croyde Bay, where the Baggy and Lower P ilt o n  Beds outcrop, and lo c a l
FIGURE 3 4
THE LITHOLOGICAL AND LOCAL FAUNAL DIVISIONS 
OF THE PILTQN BEDS AND THEIR CORRELATION
WITH THE STANDARD AMMONOID CHRONOLOGY 
( a l t e r. GoId r in g  1Q5S. w ilh . m o d e r n  a m e n d m e n ts )
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fau n al d iv is io n s  A l ,  A2 and lower A3 are found. The second group includes 
the faunas lo ca te d  at Frem ington F i l l ,  where the Upper P ilt o n  Beds outcrop 
and local faunal d iv is io n s  upper A3, B and C are located.
In  general a s p e c t  the conodont faunas recovered from the Croyde Bay 
se ctio n  are clearly Upper Devonian. Prominent members of the fauna are 
spathognathodids t y p ic a l  o f the Spathognathodus co sta tu s  Zone, e sta b lish e d  
in  the German type section  by Z ie g le r  ( 1962) ,  re p re se n ta t iv e s  o f the genera  
Icriodus and P e le kysgnath u s, which suggest a Devonian and Upper Devonian 
age r e s p e c t iv e ly ,  .and pseudopolygnathids t y p ic a l  o f Upper Devonian and/or 
Lower C arb o n ifero u s rocks elsewhere in  Britain, Europe and North Am erica. 
However, in  d e t a i l  the age determ ination, o f these beds i s  a l i t t l e  more 
p e rp le x in g . The absence o f re p re se n ta t iv e s  of the genus P a im a to le p is  from 
t h is  Upper Devonian sequence su ggests e ith e r  a v e ry  la t e  Devonian age, 
younger than the la s t  occurrence o f Pa lm ato lep is w ith in  the Upper c o sta tu s  
Zone o f Germany, or a Baggy and P ilt o n  Bed fa c ie s  th a t was not conducive  
to  palm ato lep id  elements, in d ic a t in g  th a t Palmatolepis i s  f a c ie s  c o n tro lle d .  
(Many areas o f the w orld e x h ib it  youngest Upper Devonian faunas in  which  
t h is  genus i s  a b se n t.)
The d isc o v e ry  c f  P a im ato le p is in  Lower C a rb o n ife ro u s ro ck s  o f E a st  
Cornw all by Matthews ( 1969a ) , supports one or other o f these in te rp r e ta t io n s  
depending on whether or not these palm ato lep id s are indigeno us or reworked. 
I f  they* are reworked (as was suggested fo r  the p a lm ato le p id s recovered by 
Voges (1959) from the S ca lio gn a th u s a n c h o ra iis  in  Germany), then 
P a im ato le p is  does not range from the Devonian through to  the Ca rb o n ife ro u s  
arid thus the p o s s ib i l i t y  th a t the Baggy and Lower P i lt o n  Beds are o f  
Upper c o s ta tu s Zone age, a fte r  the la s t  occurrence o f P a lm a to le p is , i s  
s t i l l  v a l id .  However, i f  they are indigenous to  the Lower C a rb o n ife ro u s,
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then the only explanation for the absence of Palmatol'-pis from the Baggy 
and Lower Pilton sediments is that the facies was inhospitable.
"rn i960. Ziegler announced the recognition of the Pr o t o gn at h odu s 
Locke]i Zone, which occurs in the Hangenberg Schiefer, immediately above 
tfe Upn^r r-.-'stotos Zone, and is also of Upper Devonian age. Uo forms 
similar to Protogpatnodus hove been recorded from the Baggy and Lower 
T>.; ;+.or Bodn> ,onrl tyir implies that the latter are either younger or older 
than this new Zone. Srathognathodus costatus is not represented in the 
German Protognathodus kockeli Zone. It becomes extinct at the ton of the 
Unner costatus Zone, and the Baggy and Lower Pilton Beds must, therefore, 
be considered as older than the P. kockeli Zone. This conclusion is 
based on the fact that the present state of knowledge indicates that 
S. costatus had a ubicuitous occurrence and its absence from any section 
cannot be explained by facies variation. Zi -g~er - designation o. the 
age of the P. kockeli Zone as Upper Devonian is based on the occurrence, 
in this Zone, of the goniatite genera Prionocerao (Imitoceras) cari.”vj
and Prinonoceras (imitoceras) prorsum pr or sum■
unatum
The species of the genus Spathognathodus from the Baggy and Lower 
Pilton Beds are identical to those which characterise the German costatus 
Zone. Specimens of S. aculeatus, S_. bischoffi (£>. co status costatus), 
and S. zeigleri (S. costatus spinulicostatus) nave been recovered although 
no specimens of S. costatus uitimus have been found. The latter subspecie 
is diagnostic of the Upper costatus Zone. Other conodont elements that 
are common to both the costatus Zone and the Baggy and Lower Pilton Beds 
are:- Pseudopolygnathus dentilineata, Polygnathus communis, Polygnathus of 
?. nodomarginatus .and Spathognathodus strigosus.
Further evidence in support of the assignment of a late Upper Devonian
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age to these Croyde Bay Beds, is the influx of polygnathids, similar to
those more characteristic of Lower Avonian faunas, in the upper portion 
of the Lower Pilton sequence. They occur side by side with spathognathodids 
of the costatus group and therefore the farina must still be considered as 
Upper Devonian, but the presence of these poiygnathids indicates a close 
proximity to the Lower Carboniferous and confirms the late Upper Devonian 
age of this strata.
c j-w o interpretations remain open for consideration with regard to 
the precise age of the Baggy and Lower Pilton Beds. (l) That they are 
eauivalent to the uppermost part of the Upper costatus Zone, after the last 
occurrence of Palmatoiepis and before the first occurrence of Protognathodus. 
f r , \ rr̂ o+ +v,0-.r or» equivalent to all or part of the costatus Zone, and that\ -- } 'hi'* “ i - - —
the absence of Palmatoiepis can be explained by facies variation.
At present it is impossible to say which interpretation is correct, but 
certainly these Croye Bay Beds must oe of costatus Zone age. If the iirst 
interpretation is accepted then _S. costatus ultimus should be present in the 
fauna, and Protognathodus might be expected to occur in younger Pilton Beds. 
Spathognathodids generally make up no more than 2 0 - 2 %  of any given sample, 
and their average percent abundance is only g—o/o. Xt may therefore be that 
the absence of 3. costatus ultimus is a result of insufficient recovery and/or 
inadequacy of fossiliferous samples. Other explanations for the absence of 
this subspecies are facies variation, geographic provincialism and homeomorphic 
replacement and substitution. Both facies variation and geographic 
provincialism are possibilities but not probabilités, as all other 
representatives of the j3. co status group had an apparently ubiquitous 
distribution in the Upper Devonian and there is no evidence to suggest that 
S. costatus ultimus was an exception. Homeomorphic replacement may have been
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re sp o n sib le  fo r the absence o f S. co sta tu s u ltim u s in  the P ilt o n  Beds, in  
that spathognathodids refered to as Spathugnathodus t r a n s it io n a l  and 
_3. z o ig lo r i  in  t h is  study, are m o rp h o lo g ica lly  ve ry  similar to £>. co sta tu s  
u ltim u s and p o s s ib ly  served the same fu n c t io n a l purpose as this element, 
ca u sin g  i t s  devolonment to  be unnecessary.
The absence of Pro to gnathodus may be explained in  one o f two ways,
(a ) t h is  Zone occurs w ith in  the unproductive  ro cks between the Croyae Bay 
and the Frem inpton P i l l  s e c t io n s , or (b) th a t t h is  genus was fa c ie s  
c o n tro lle d , or perhaps g e o g ra p h ic a lly  provincial, and found the F o rth  Devon 
area unfavourable.
I f  the second in te rp re ta t io n  i s  accepted, the absence o f S. co sta tu s  
ultimus would re q u ire  no e xp lan atio n , as the Baggy and Lower P ilt o n  Beds 
could be o ld e r than the f i r s t  occurrence o f thas su b sp ecies. However, the  
occurrence o f p o lygnath id s  of Lower Avonian aspect in  t h is  part of the Lower 
Pilton Bed." suggests th at these beds at le a s t  are o f la t e  co sta tu s  Zone age.
By re g a rd in g  them as equ iva lent to  the uppermost Upper co sta tu s  Zone, then 
the absence o f S. co sta tu s u ltim u s and Protognathodus must again  be accounted  
fo r . T h is  second, in te rp re ta t io n  i s  based on the prem ise th a t the absence 
of P a lm ato le p ls  can be explained, by fa c ie s  v a r ia t io n ,  but a l l  the possibilitie 
reviewed above fo r  the absence o f _S. co sta tu s  u ltim u s can be advanced for the  
absence o f P a lm a to ie p is . N e ve rth e le ss, present evidence from other areas o f  
the w orld in d ic a te  th a t Pa lm ato lep is i s  su s c e p tib le  to  f a c ie s  v a r ia t io n  and 
thus t h is  exp lanatio n  i s  prooably the best fo r  the absence o f t h is  genus in  
North D evonshire.
There as evidence to  suggest th a t t h is  North Devon fauna was fa c ie s  
c o n tro lle d , however, re g a rd le s s  o f which o f the two p o s s ib le  in te rp re ta t io n s  
i s  c o r re c t ,  both po int to  a f a i r l y  la t e  co sta tu s  Zone age fo r the Upper
Baggy and. the Lower Pilton Beds.
Goldring (1956) correlated the Lower Pilton Beds with the Wocklwmeria 
State, and suggested that the upper portion of the Baggy Beds were of 
Clymenia Stufs age (see Figure 3̂ -). The present author does not consider 
the Upper Baggy Beds to be appreciably older than the succeeding Lower 
Pilton Beds, and would suggest a Wocklumeria rather than a Clymenia age 
for the former, based on the correlation of c.onodont zones with goniatite 
Stufen in the standard German sequence. However, the macrofaunas collected 
by Goldring (1956), and the microfaunas collected in this study, from the 
Upper Baggy Beds, were both relatively meagre and any interpretation based 
on these faunas must be somewhat tentative.
The conodont faunas gained from the Fremington Pill section provide 
only inconclusive evidence with regard to the age of these rocks. The 
faunas are small and no diagnostic forms have been found to suggest 
either an Upper Devonian or Lower Carboniferous age. Three horizons, at 
the base of Goldring's Upper Pilton faunal division B, have yielded conodonts, 
and inferences as to the age of these horizons can be based only on rather 
negative evidence.
The fauna is dominated by Polygnathus communis communis and two or 
three species of larger polygnathids identical to those found in the upper 
portion of the Lower Pilton Beds, namely, P. lacinatus lacinatus, P. cf.
P. lacinatus, and ?. inornatus. Another prominent feature of the fauna is 
the presence of numberous bars and blades, of a very delicate nature, less 
robust than the same species in the Lower Pilton Beds. From these 
discoveries alone no objective conclusions can be drawn. However, the 
absence of spathognathodids of the 1 costatus1 group, except for one dubious 
specimen, and the absence of any other diagnostic Devonian forms, suggests
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that these rocks are younger than the Lower PiIton Beds. By the same 
token, no siphonodeilids, patrognathids, or clydagnathids, indicative of 
the lowest Carboniferous, have been recovered from these faunas. A 
single specimen of Polygnathus pura pura was located from one of the 
horizons sampled at Fremington, and this sub-species has been recorded 
by Voges (1959; in the C-attendorfia Stufe (Cul) of the Hangenberg Kalk of 
3au.erla.nde s. It ranges from the upper portion of the kockeli - dent iii n eat si
Zone to the top of the Siphonodetla - triangula triangula Zone in Germany.
In the Hangenberg Kalk it is found associated with Polygnathus communls and 
P. pur a subplan-a. in addition to Gnathodus kockeli, Pseudopolygnathus 
dentilineata, ?seudoPolygn.athus triangula triangula and representatives, of 
the genus Siphonodeila. Most of these associated forms are absent from
the Fremington samples and although the occurrence of one specimen of 
P. pura pura is but scant evidence, it is the only positive indication of 
the age of these beds. If this interpretation is valid it suggests a 
Gattendorfia Stufe (Cul) age for the Upper Piiton Beds B, which confirms 
Goldring's estimation of the age of these beds (see Figure 3̂ -).
Unfortunately, no productive horizons were located within that part of 
the stratigraphic sequence between the uppermost Croyde Bay and the lowermost 
Fremington strata, nor within the Piiton Beds C at Fremington.
The ranges of all the conodont species and subspecies identified from 
the Upper Baggy and the Piiton Beds, together with the Conodont Assemblage 
Zones erected on the basis of the distribution of the faunal elements, are 
shown in Figure 35-
A single conodont specimen has been found in the rocks which outcrop 




is partially broken and the basal cavity is infilled with sedimentary 
m a te r ia l. Nevertheless, the conodont can be identified as an icriodid 
•although no specific designation is possible. If the conodont is 
indigenous to these rocks, and not reworked, then this indicates an 
Upper Devonian age for the rocks of this section. However, the possibility 
that this specimen has been reworked caririoi be ruled out. Goldring 
(personal communication) has suggested a younger age for this outcrop, but 
he stressed that this was merely a suggestion cased on the lithology, .and 
the proximity to rocks of definite Carboniferous age.
Three Conodont Assemblage Zones, one of whicu can be divided into two 
Subzones, have been erected on the basis of the stratigraphic distribution 
of the fa.unas recovered from the Baggy and P ilt o n  Beds. The Zones were 
established for the Croyde Bay and Fremington outcrops, and although they 
m a y have local application within the North Devon area, as do the fau n a l 
divisions of Goldring (1956), lack of additional exposures of conodont 
bearing strata has made it impossible to test their regional validity.
The Zones erected are shown in Figure 36, where they are correlated with 
the faunal divisions of Goldring.
The oldest Zone (Zone l) is characterised by an abundance of 
Spathognathodus aculeatus aculeatus, _S. aculeatus nodosus and aculeatus 
plumulus. No representatives of the genus Icriodus. or of the species 
S. bischoffi have been found in this Zone. Other elements present are 
_S. anteposicornis, S. s t r ig o g u s , Polygnathus communis and Pelekysgnathus 
croydeus sp. nov. The Zone is correlated with the first two hundred feet 
of Goldring’s Pilton Beds faunal division AI, immediately below the 
arbitrarily defined boundary between the Baggy and Pilton Beds. The
boundary itself forms the upper limit of Zone I.
FIGURE 36
CORRELATION OF CONODONT ASSEMBLAGE ZONES.
ERECTED FOR THE BAGGY AND PILTQN BEDS |N THIS 
STUDY WITH THE FAUNAL DIVISIONS ESTABLISHFD
BY GQLDRING (1956)
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Zone 2, the Spathognathodus b is c h o i'l'i Assemblage Zone, has a lower l im it  
which i s  marked by the 1‘i r s t  occurrence o f the sp e cie s  which g iv e s  the Zone 
i t s  name. The upper zo nal boundary i s  taken at the la s t  p ro d u ctive  h o rizo n
in  the Croyde- Bay se c tio n , which i s  lo ca te d  approxim ately 1,9-10 fe e t above 
the boundary between the Baggy and P ilt o n  Beds. Two Subzones can be 
id e n t if ie d  w ith in  t h is  Zone, the Ic r io d u s  Subzone and the Polygnatnus Subzon• ■ . 
The dower l im it  o f the Ic r io d u s  Subzone co in c id e s  w ith  the lower l im it  of 
the S. b is c h o f f i  Zone and i s  marked by the f i r s t  occurrence o f S. b is ch o fi'i 
and Ic r io d u s .  The upper l im it  o f t h is  Subzone i s  marked by the e x t in c t io n  
o f ic r io d id s  and the f i r s t  appearance o f p o lygn ath id  sp e cie s  other than 
Polygnathus ceiU Turis. Other forms found in  t h is  Suozone are Pseudopolygnatbus
d e n t il in e a ta , Spathognathodus a cu le atu s a c u le a tu s , S. a cu le a tu s p lum ulus,
S. a cu le atu s nodosus, 3. a n te p o s ic o rn is , Spathognathodus ( t r a n s it !o n a l) b e t  woen 
S. b is c h o f f i  and 3. z e i g l e r i ) ,  £>. s t r ig o s u s , Polygnathus communis and 
Pe1ekysgnathus croydeus sp. nov. T h is  Subzone i s  c o rre la te d  w ith  the f i r s t  
295-300 fe e t o f P ilt o n  Beds AI im m ediately aoove the Baggy -  P i lt o n  boundary.
The younger Subzone o f the S. b is c h o f f i  Zone i s  the Polygnathus Subzone, 
and i s  le s s  c le a r ly  d e fin ed  than the u n d e rly in g  Subzone. The lower l im it  
c o in c id e s  w ith  the f i r s t  appearance o f p o ly gn a th id s other than P. .communis 
group; these in c lu d e  P. la c in a tu s  la c in a t u s , ? . c f .  p. ia c in a tu s  and P. c f .
P. nodomargin a t u s . T h is  po in t a lso  marks the e x t in c t io n  o f ic r io d id s  in  the
P ilt o n  Bed su cce ssio n . Conodonts present in  t h is  Subzone, in  a d d itio n  to  
those mentioned above, in c lu d e  Polygnathus, communls communis, Pelekysgnathus  
communis, Spathognathodus ( t r a n s i t io n a l ) ,  _S. a cu le atu s a c u le a tu s , J>. aeu leatus  
p lumulus and Pseudopolygnathus d e n t il in e a t a . T h is  Subzone i s  c o rre la te d  
w ith the upper 175 fe e t o f G o ld r in g 's  P ilt o n  Beds A I ,  the t o t a l  th ic k n e s s  o f
A2, and approxim ately the lower 85 fe e t o f A3.
Zone 3 i s  te n t a t iv e ly  suggested to in c lu d e  the conodont b e a rin g  
Frem ington P i l l  s tra ta  which occupy the lower J+0 fee t o f the southern  
outcrop o f G o ld r in g ’ s Upper Pi It, on Beds B fau n al d iv is io n .  There i s  
only meagre evidence fo r the e re ctio n  o f t h is  Zone, owing to  the absence 
o f both diagnositc Devonian and C arb o n ifero u s elements other than a single 
specimen of Polygnathus pura pura. The zonal boundaries are l im ite d  by 
the occurrence o f the o ld e st and youngest p ro d u ctive  samples in  the  
Frem ington P i l l  se ctio n . Other conodont sp e cie s  found in  this Zone, 
in  a d d itio n  to P. pura pura, sire ?. la c in a t u s  la c in a t u s , P. in o rn a tu s and 
P s eudopolygnathu s d ent i 1ine  at a .
As has been shown w ith  the German type se c t io n , a com parison o f the  
faunas from, the Baggy and P ilt o n  Beds w ith  those o f European se ctio n s  o f  
a comparable age i s  s t r ik in g ly  c lo s e , and nowhere are  the North Devon 
faunas matched more c lo s e ly  than at Huy in  Belgium .
Bouckaert and Z ie g le r  ( 1965) c o lle c te d  sm all faunas from a se ctio n  at 
Huy, Belgium  which in d ic a te d  a co sta tu s Zone age. They claim ed th a t a 
more precise age determ ination could not be derived from the Huy conodonts, 
and thus they correlated, t h is  se ctio n  w ith the upper part o f the  
Clym enia Stu fe  and/or p a rt o f the Wocklumeria S tu fe . Bouckaert and 
Z ie g le r  recorded specimens o f Spathognathodus co sta tu s  s p in u lic o s ta tu s  
( Spathognathodus z e i g l e r i ) ,  S. co sta tu s co sta tu s  (_S. b i s c h o f f i ) ,  S. a cu le atu  
Pseudopolygnathus d e n t l l ia e a t a , and a new genus. All these elements are  
found in  the Lower P ilt o n  Beds in c lu d in g  a species o f Icriodus (icriodus sp. 
which i s  s im ila r  to  the new genus described by Bouckaert and Ziegler. The 
Kuy fauna, as a whole bears a c lo s e r  resem blance to  th a t o f the o ld e r p o rtio n  
o f the Lower P ilt o n  Beds (the  Ic r io d u s  Subzone o f the S. b is c h o f f i  Zone) 
than any other in v e s t ig a te d . I f  the two faunas co u ld  be c o rre la te d  t h is
nov.
would im ply th a t the Huy fauna was eq u iva len t to the upper p a rt o f the
Woeklumeria S tu fe , ra th e r than the Clym enia Stu fe  or any other p a rt o f  
the Wocklumeria S tu fe . C o n il ( 196^) studied  the fo ra m in ife ra  o f t h is  
se ctio n  and a ssign ed  i t  a T n la  age (Lower Tournaisian -  Lower Etroeungt 
and Com blain-au-Pont B e d s ) .
C o rre la t io n  o f the Baggy and P ilt o n  Beds fauna w ith  faunas from 
North Am erica i s  d i f f i c u l t ,  as there  are few elements which are common 
to  both se ctio n s. In most outcrops o f t h is  age m  North Am erica,
P a lm ato le p is  occurs in  the Upper Devonian and S iphono della  in  the Lower 
M is s is s ip p ia n . There are no faunas such as those e x h ib ite d  by the  
Upper Baggy and the P ilt o n  Beds. However, in  the M is s is s ip p i V a lle y ,  
two Zones at the Devonian -  Carbo nifero us boundary bear some elements 
which are c h a r a c t e r is t ic  o f  the North Devon beds, a lthough th e re  are  
many im portant d if fe re n c e s  a ls o . I f  a c o r re la t io n  were attem pted, the  
Upper Baggy and P ilt o n  Beds would be te n t a t iv e ly  equated w ith  a l l  or p a rt  
o f the Conodont Zones o f the M iddle and Upper Saverton and i t s  la t e r a l  
eq u iva len t the Lo u is ia n a  Lim estone Form ation (Upper t o V l) .  The 
Spathognathodus a cu le atu s Assemblage Zone i s  co n fin ed  to  the M iddle  
Saverton, and the G-nathodus new sp. A. Assemblage Zone to  the Upper Saverton  
and L o u is ia n a  Form ation. F ig u re  37 shows the suggested c o r re la t io n  o f  
the Baggy and P ilt o n  Beds w ith  se ctio n s  in  Europe and N orth Am erica, on the  
b a s is  o f conodonts.
G o ld rin g  ( 1956) co rre la te d  the Baggy and P ilt o n  Beds o f North Devon 
w ith  se v e ra l other l o c a l i t i e s  in  Western Europe. H is  c o r re la t io n  ta b le  
shows a comparison o f tim e -e q u iva le n ce  between the North Devon a re a , the  
V e lb e rt re g io n  o f Germany, the Sauerland re gio n  o f Germany, North F ra n ce , 
Belgium  and Aachen and the B r i s t o l  and South Wales area.
F
FIGURE 37
CORRELATION OF THE BAGGY AND PILTON BEDS WITH SECTIONS IN. NORTH AMERICA AND 'EUROPE,
ON IHE BASIS OF CQNOPONTS.
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G o ld rin g  concluded th a t the P ilto n  Beds A can be equated w ith  the
Etroeungt Beds o f V e lb e rt , Germany, although the c o r re la t io n  o f the bases
o f these two groups o f beds was only te n ta t iv e . The Etroeungt Beds of
Germany were subdivided by Paul (1937) in to  three  fau n a l d iv is io n s '*  ,/? , and
i  . The o ld e st,« , d iv is io n  i s  co rre la te d  w ith  the Wocklumeria Lim estone o f
Saueriand, Germany, w h ile  the two younger d iv is io n s  can be equated w ith  the
Hangenberg S la te s .  Thus a cco rd in g  to  G o ld r in g , the P ilt o n  Beds A are
e q u iva len t to  the Wocklumeria Lim estone and o v e r ly in g  Hangenberg Slate:" o f
s
Saueriand and a lso  to  the Etroeungt Beds o f France and t h e ir  la t e r a l  
e q u iva len t s , the Com biain-au-Pont Beds o f Aachen and D inant.
I f  t h is  c o r re la t io n  i s  c o rre c t  then the Baggy Beds o f F o rth  Devon may
be t e n t a t iv e ly  equated, at le a s t  in  p a rt ,  w ith  the A n g e rta l and V eberter
/
Beds o f Germany, which u n d e rlie  the Etroeungt Beds, and w ith  the Condroz 
Sandstone which u n d e r lie s  the Etroeungt and Com blain-au-Pont Beds o f  
Belgium , France and Aachen. There i s  a c lo s e  l i t h o lo g ic a l  s im ila r it y  
between the Condroz Sandstone and the Baggy Beds, a lthough G o ld rin g  sta te s  
th a t the fauna o f the Baggy Beds i s  too meagre and p o o rly  preserved to  
perm it any d ir e c t  c o r re la t io n  w ith any of i t s  p o stu la te d  e q u iva le n ts  in  
Europe.
The P ilt o n  Beds B d is p la y  d is in c t  fa u n a l s im i la r i t ie s  w ith  both the  
Tournasian Lim estone o f  Germany, which i s  e q u iva len t in  p a rt to  the  
Hangenberg Lim estone o f Saueriand, and to  the H a s t ie re  Lim estone o f  Belgium  
and France.
Thus c o r re la t io n  o f the Baggy and P ilt o n  Beds w ith  many o f the  
European se c tio n s  i s  not o v e rly  d i f f i c u l t ,  but by c o n tra st c o r re la t io n  o f  
these F o rth  Devon beds w ith  the Avonian type se ctio n  and other outcrops in
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South Wales I s  more complex. The problem l i e s  in  attem pting to  equate the
c o r a l -  orachiopod Zones o f the 'K o h le n ka lk ' fa c ie s  w ith  the cephalopod
Zones o f the 'Kuliri'. G o ld rin g  concluded th a t the 'K ' Zone o f the Avonian
could  not be c o rre la te d  w ith the Wocklumeria Zone and thus w ith  the P ilt o n  
/
Beds A or Etroeungu B e d s . ■ However, the presence o f L io b o lin a  in  K I Zone 
i s  evidence fo r counting t h is  Zone at le a s t  w ith  p a rt o f the G a tte n d o rfia
Z o n e .
Dixon (lQ ? l) contends th a t the fauna o f the S k r in k le  Sandstones o f
Pem brokeshire map he c lo s e ly  compared w ith th a t o f the Baggy Beds, but
G o ld rin g  ( 19 56 ) rioted th a t the Lower Limestone Sh a les o f  Pem brokeshire,
w h ic h  s u c c e e d  t h e  3 k r i n k l e  S a n d s t o n e s ,  e x h i b i t  a  f a u n a  w h i c h  s u g g e s t s  .a
/
c o r r e la t io n  w ith  the P ilt o n  Beds B and beds h igh e r than the Etro eu n gt.
T h is  observatio n  im p lie s  th a t the S k r in k le  Sandstones are probably b e tte r  
equated w ith  the P ilto n  Beds A than the Baggy Beds. G o ld r in g ,th e re fo re ,  
c o r re la te s  the Baggy Beds w ith  p a rt o f  the Old Bed Sandstone o f areas to 
the north and west o f the B r i s t o l  Channel, and the P ilt o n  Beds B w ith  the 
low est C a rb o n ife ro u s d e p o s its  o f K age (see  F ig u re  3 8 ).
In  g e n e ra l, the conodont faunas o f the Baggy and P i lt o n  Beds su b sta n tia te  
the co n clu sio n s  drawn by G o ld rin g . The Upper Baggy and Lower P ilt o n  Beds 
can be compared w ith  the upper or uppermost Wocklumeria Zone o f the Devonian 
type se ctio n  in  Germany. In  terms o f Conodont Assemblage Zones erected  
by Z ie g le r  (1962) fo r  t h is  type se c t io n , these  North Devon sediments can 
probably best be equated w ith  the Upper co sta tu s  Zone (Upper t o V l) .
The Upper P i lt o n  Beds may be c o rre la te d  o n ly  p r o v is io n a lly  w ith  p a rt o f  
the C u l Zone o f the Hangenberg K a lk . The p a u c ity  o f the faunas recovered  
from these beds a llo w s no more p re c is io n  than t h is .
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THE VALUE OF CONODONTS IE THE RECOGNITION OF THE DEVONIAN-CARBONIFEROUS 
BOUNDARY. WITH. PARTICULAR REFERENCE TO GREAT BRITAIN
The typescript ef a publication bearing the .came title ac that of this 
charter is included in Appendix I of this thesis. The paper, written by 
Austin, Druee, Rhodes and Williams, was read at the International Carboniferous 
Congress at Sheffield in 1967» and was published, m  1970.
Included in the first half of this work is a brief history of the placemen 
of the Devonian-Carboniferous boundary and a discussion of the problems in 
correlation between the cephalopod-bearing rocks of Devon and Cornwall and the' 
coral-brachiopod carbonate facies of the type section for the British Lower 
Carboniferous. In addition, the difficulties in correlation of the British, 
Belgian and German Lower Carboniferous type sections are reviewed, as are the 
lithological criteria for the recognition of the lower Carboniferous in Western 
Europe.
The latter half of the paper is devoted to an evaluation of microfossils 
and In particular conodonts, in the recognition of the Devonian - Carboniferous 
boundary. It outlines the advantages of using conodonts as zonal tools, and 
describe- a number of significant faunas from North America, Australia, Europe 
and Great Britain, where it is now possible to recognise an almost ubiquitous 
sequence of Upper Devonian-Lower Carboniferous Conodont Assemblage Zones.
Since 1967, continuing studies have brought to light new evidence which 
allows refinement of that part of the text which describes the conodonts 
recovered from the Baggy and Pilton Beds of North Devon. Specimens of the
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genus Icriodus and of the spathognathodid species £>. bischoffi and _S. zeigleri 
(including transitional forms between these two species) have been recovered 
from the Lower Pilton Beds. However, no representatives of Palmatolepis have 
been found in these beds, nor in the Upper Baggy Beds. Pseudopolygnathus
dentilineata is an abundant- faunal component, and in the upper part of the 
lower Pilton Beds, polygnathids, similar in character to those of the lower 
Avonian faunas, become prominent faunal members.
The absence of such diagnostic Carboniferous elements as Patrognathus and. 
Clydagnathus, and the presence of_S. costatus group forms, indicates that the 
Lower Pilton Bed.s must be regarded, as Devonian.
Ho additional specimens of the reported new genus (similar to that 
figured by Bouckart and Ziegler (1965? ib-gs-9~H)) were recovered, and
hence no definitive assumptions regarding an Icriodus-Pseudopolygnathus 
transition can be made. However, very recently, a fauna from the base of 
Tn lb in Belgium has shown such a transition (Austin, personal communication).
Several publications on this general topic of conodonts and the Devonian - 
Carboniferous boundary have appeared in the past two years, two of which deserve 
particular attention:-
Conil, Pirlet & Lys (1967) described the biostratigraphy of the Dinantian 
of Belgium. They showed the distribution of species of six individual fossil 
groups (cephalopods, corals, brachiopods, spores, conodonts and foraminifera) 
in the uppermost Devonian and the Dinantian of this country. Their collections 
were made from four localities to the south and southwest of Liege, namely 
Dinant, Comblain, Modave and Dolhain. Plate 1 of their publication is a chart 
summarising the findings of these authors, and part of this chart, recording 
the faunal distribution in the immediate vicinity of the Devonian. - Carboniferou 
boundary, has been reproduced in Figure 39-
B IO -STRATIGRAPHY OF SIX FOSSIL 










On the evidence of goniatites and spores, the boundary in Belgium is 
probably best taken to be the base of Tnlb** . However, on the basis of 
conodonts the boundary would be most conveniently located at the first 
occurrence of Siphonodella, at the base cf Tnlb^. Recent work indicates
that the stratigraphic range of Siphonodello in Belgium may be different 
to that shown in Figure 39-
Boyer, Kryiatov, Fevre and Stoppel (1968) described conodonts from 
the Upper Devonian and the Devonian - Carboniferous boundary of the Black 
Mountains of France, where there is an uninterrupted transition in a 
carbonate sequence, from one system to the other. The conodont assemblage- 
zones reeenuised by these authors are illustrated in fig.4, pg .19 and in 




Genus ANGULODUS? Huddle, 193U 
(F ig .^ 0 )
193̂ 4 Angulodus Huddle. p.?6.
Type sp e cie s. Angulodus w a lra th i (H ibbard, 1927)
.Angulodus sp . ?
( P I .  13, i'ig s . 3 a-5c)
D ia g n o s is .
L a t e r a l ly  compressed, arched blade w ith a la rg e  b a sa l c a v it y  occupying the 
m id -th ird  o f the u n it .  The c a v ity  bears l i p s .  The d e n t ic le s  o f the m id -th ird  
are sm a ll, o f uniform  h e ig h t, and are bounded a n te r io r ly  and p o s t e r io r ly  by 
la r g e r  d e n t ic le s .  Beyond the la r g e r  d e n t ic le s  developed on the a n te r io r  b lad e, 
sm a lle r, p a r t ia l ly  fused d e n t ic le s  o ccu r, and beyond those on the p o s te r io r  b la d e , 
sm aller d is c re te  d e n t ic le s  are developed.
D e s c r ip t io n .
O ra lly  the u n it  i s  s t ra ig h t  or the p o s te r io r  and a n te r io r  b lades are curved  
g e n tly  inward. L a t e r a l ly  the m id -th ird  o f the conodont i s  s t ra ig h t  but the  
a n te r io r  and p o s te r io r  t h ir d s  are d e fle cte d  downward at a n g le s o f between 30 -  b °̂ 
from the h o r iz o n ta l.  T h is  g iv e s  the form an arched o u t lin e .
The a n te rio r  t h ir d  o f t h is  conodont bears 6 -8  d e n t ic le s ,  the f i r s t  3-5  
d e n t ic le s  from the a n te rio r  end are sm all and p a r t ia l ly  fused, on ly  t h e ir  t ip s  
being d is c re te .  The fo llo w in g  three  d e n t ic le s  are extrem ely la rg e  and curved  
s l ig h t ly  toward the p o s te r io r . These d e n t ic le s  are a lso  d is c re te  only at t h e ir  







The m id -th ird  o f the blade c o n s is ts  o f 6-8  d e n t ic le s ,  a l l  o f which are s n a il  
and almost e n t ir e ly  fused. These d e n t ic le s  a l l  a tta in  approxim ately equal h e igh t
The b e gin n in g o f the p o s te r io r  th ir d  i s  marked by 2 or 3 la rg e  d e n t ic le s ,  
w hile  the re s t  o f t h is  f r a c t io n  o f the conodent bears 3 or h s l ig h t ly  sm aller  
our. stro ng d is c re te  d e n t ic le s .
Ab or a l ly  there i s  a 'f a ir ly  la rg e  b a sa l c a v it y ,  which i s  lo ca te d  in  the ce n tra  
t h ir d  o f the u n it . The c a v ity  bears l i p s  and i s  tapered a n t e r io r ly  and 
p o s te r io r ly ;  I t  i s  b i la t e r a l ly  sym m etrical. K e e ls  are present at the a n te r io r  
and u o s te r io r  ends o f the u n it ,  t h e ir  le n gth  being dependent on the lo n g itu d in a l  
extension  of the c a v it y  and i t s  l ip s .
Remarks.
These forms do not compare e x a c tly  wxth the d e s c r ip t io n  o f Angulodus Huddle. 
They appear to  possess some c h a r a c t e r is t ic s  o f t h is  genus and some o f the genus 
F a lco d u s. Angulodus and Falcodus are c lo s e ly  re la te d , i f  not synonymous, and 
an interm ediate  form such as t h is  would tend to  lend w eight to  t h is  co n sid e ra tio n .
The f ig u re d  specimens o f t h is  genus are represented by a s in g le  sp e cie s.
Material studied. 3 specimens
Occurrence. PE. 2 - PB.U
Catalogue numbers o f the figured specimens. JW.239 ~ JW. 2 f̂l
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Genus BRYANTODUS ? B a s s le r ,  1925 
( P I . 13, f ig s .  l4 a ,b . )
(Text f i g . ^ l )
1925 Bryantodus B a s s le r ,  p.219
1926 Bryantodus U lr ic h  & B a s s le r ,  p .2 1 .
Type s p e c ie s . Bryantodus ty p ic u s  U lr ic h  & B a s s le r ,  1926.
A b lade or b a r - l ik e  genus which has a b a sa l c a v ity  (which may d is p la y  l i p s )  
in  the mid t h ir d  o f the u n it ,  a c e n t r a lly  lo ca te d  main cusp, (which i s  c o n s id e rab. 
la rg e r  than the other d e n t ic le s  o f the b lade) im m ediately above the c a v it y ,  and 
an approxim ately equal number o f d e n t ic le s  on the a n te r io r  and p o s te r io r  p o rtio n s  
o f the b lade. T h is  genus resem bles Ozarkodina but i s  d is t in g u is h e d  by a 
t r ia n g u la r  o u tlin e  to the blade or bar in  tra n sv e rse  se c t io n , the o ra l side  
being broad and the a b o ra l side  sharp-edged. There i s  a lso  a tendency fo r  the  
main cusp to  develop a short downward p ro je c t io n  which i s  not a fe a tu re  of 
O zarkodina.
A s in g le  broken specimen o f t h is  genus was recovered from the Lower P ilt o n
Beds.
M a te ria l stud ied . I specimen
O ccurrence. PB.25
Catalogue numbers of the figured specimen. JW .250











tra n s v e rs e  section  o f the  blade
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Genus FALCOPUS Huddle, 1934
(P I.  13, f ig s .  6 a ,b .)  
(Te xt f i g . 62)
1 9 3 ^  F a l c o d u s  H u d d l e ,  P .87
T y p e  s p e c i e s .  P a lc c o .u > s  u n  g u  1  a t  u  s H u d d l e ,  1 9 3 ^
One p a r t i a l l y  broken specimen has 
c h a ra c te r ise d  by a p o s te r io r  bar which
been a ssign e d  to  t h is  genus, w hich i s  
e x h ib its  a marked downward d e f le c t io n
through an angle o f abour 9Go The d e n t ic le s  o f the bar at the p o in t o f
deflection 
c a v ity  i s  
i t . The
are commonly la r g e r  than those im m ediately ad jace n t. The b a sa l 
extrem ely sm all and there  i s  no d is t in c t  main cusp developed above 
shorter a n te r io r  bar u s u a lly  bears one or two v e ry  la rg e  d e n t ic le s .
The urn i t era l ly  compressed and has a d is t in c t iv e  o u t lin e .
Material studied. I specimen
Occurrence. F . 6
Catalogue number of the figured specimen. JW.2)4-7
Genus HIBBARDELLA B a s s le r ,  1925 
( F i g . ¿43)
-3925 H ib b a rd e lla  B a s s le r ,  p.219










Type s p e c ie s . P r l oniodus angulatus E in d e , 1879
The genus H ib b a rd e lla  was e sta b lish e d  by U lr ic h  and B a s s le r  (1926) fo r  
a group o f arched, b la d e - lik e  conodonts which bore a very  la rg e  a p ic a l d e n t ic le .  
The d e n t ic le s  o f the a n te r io r  arch were d is c r e t e ,  s l ig h t ly  curved inward and 
u s u a lly  few in  number. These authors d id  not mention the g r o o v e -lik e  n ature  
of the b a sa l c a v it y  nor the development o f the p o s te r io r ,  d e n tic u la te d  b a r,  
hut la t e r  work revealed  these fea tu re s as fu rth e r ch a ra cte rs  o f the genus.
Rhodes, A u stin  and Bruce (1969) argued th a t v a rio u s  authors had erected  
se v e ra l new genera which d if fe r e d  in  on ly  minor m orphological re sp e cts  from 
the genus H ib b a rd e lla . These in clu d ed  Roundya Hass (19 53 ), E l l 1sonla M u lle r  
(1956) and. p o s s ib ly  D ip lo d o d e lla  B a s s le r  ( 1925) .  The so lu tio n  proposed by 
Rhodes et a l  (1969) Tor t h is  s itu a t io n  was to  d iv id e  the genus H ib b a rd e lla  
in to  th ree  subgenera: -
( a ) H ib b a rd e lla  (H ib b a rd e lla )
(b) H ib b a rd e lla  (Roundya)
(c )  H ib b a rd e lla  (H assognathus)
These three  forms can be d is t in g u ish e d  by the nature o f the b a sa l c a v ity  
and a p ic a l d e n t ic le .
(a )  H ib b a rd e lla  (H ib b a rd e lla ) i s  c h a ra c te rise d  by an a p ic a l  d e n t ic le  which 
i s  compressed a n te ro -p o s te r io r ly , the la t e r a l  edges b e in g sharp, and by a' 
sm all b a sa l c a v ity  which i s  r e s t r ic t e d  to  the a b o ra l su rfa ce  o f the a p ic a l  
d e n t ic le .  However, a b o ra l grooves are present on the a n te r io r  and p o s te r io r  
b a rs.
(b ) H ibbards11a (Roundya) i s  c h a ra c te r is e d  by a la rg e  b a sa l c a v ity  and the whole 
aboral su rface  o f the a p ic a l d e n t ic le  i s  hollowed out. The a p ic a l d e n t ic le
i t s e l f  i s  s u b -c ir c u la r  in  c r o s s -s e c t io n  in  i t s  lower h a l f ,  becoming compressed
(c )  K i b b a rd e lla  (H assognathus) i s  c h a ra c te rise d  by a conspicuous b a sa l c a v ity  
which i s  la r g e ly  developed below the p o s te r io r  b a r, although i t  i s  a ls o  present 
below the a p ic a l d e n t ic le  which i s  s u b -c ir c u la r  in  c ro s s -s e c t io n , and 
unornament ed.
Hibbardella (Hlbbardella) cf. H. ralcrodentata Thomas, 19)49




Hibbardella mac rod ent at a Thomas; p.422, pi. 4̂, fig.25.
Hibbardella (Hibbardella) cf. H. macrodentata Thomas: Rhodes, Austin 
— u ---- ; — Druce; p.115, pi. 25, figs.l6a-l8c.
Hibbardella (Hibbardella) cf. H. macrodentata Thomas: Druce; p.6U,
—---------- ‘ pi.9, figs.4a-o.
Description.
Ih e  anterior arch 1* symmetrical, compressed laterally and bears a keel 
on its aboral surface. The oral surface of the arch exhibits 5 to 7 strong, 
discrete, peg-like denticles on either side of the apical denticle. These 
denticles are slightly inclined posteriorly and are sub-circular in cross- 
section.
The apical denticle is tall, posteriorly inclined and also sub-circular 
in cross-section. The posterior bar is strongly developed, subcircular in 
cross-section and bears small, discrete, peg-like denticles, but in all the 
figured specimens the posterior bar is broken.
The basal cavity is small, sub-rounded and occurs directly beneath the
a p ic a l d e n t ic le .
II6
One specimen (P1.12, fig^a-b) possesses an anterior arch typical of 
S' macrodentata except, that it bears no obvious apical denticle. This 
may possibly be interpreted as a pathological variant of H. macrodentata.
M a te ria l stud ied . 43 specimens
Occurrence. PB .2 - F .8
Catalogue number of the figured, specimens. JV7. 2 2 b , JW.226, JW. 228, JW. 229.
Ilibbardella (Hibbardella) sp. 
(PI.12, fig.5a-b)
D e s c r ip t io n ..
These are small elements with a symmetrical anterior arch which is laterally 
compressed. The angle between the two limbs of the arch varies between ^5° to 
60°, and each limb bears 5 to 7 small but discrete denticles on its oral surface. 
The posterior bar is laterally compressed and bears very small, closely set 
denticles at its anterior end, the rest of the bar being broken off in the two 
specimens recovered.
The apical denticle is sub-oval in cross section, two to three times the 
size of the largest arch denticle, and surmounts a tiny aboral cavity from 
which short keels radiate along the anterior arch and posterior bar.
Remarks.
Only two specimens of this type were recovered from the Pilton section and 
ooth were incomplete.
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Material studied. 2 specimens
Occurrence. PB.35
Catalogue number of the figured specimen. JW.227
Genus HINDBODELLA Bassler, 1925 
(Fig.49)
1925 Hindeodella Bassler, p.219
1926 Hindeodella Ulrich & Bassler, p .38
Type species. Hindeodella subtilis Ulrich & Bassler, 1926
This genus is a member of the subfamily Hindecdellinae Hass 1959, which 
is’ charecte-ri sed by the presence of a distinct main cusp, which usually 
separates a long posterior bar or blade from a shorter anterior bar or blade, 
Ulrich and Bassler (1926) erected this genus for those long, straight, bar-like 
conodonts which bore up to 10 small denticles on the anterior bar and numerous 
small denticles, which often alternate in size, on the posterior bar. The 
main cusp was larger and stronger than the other bar denticles. The basal 
cavity, although not described by Ulrich and Bassler, is small, often occurring 
as a narrow groove on the aboral surface. The anterior bar was commonly curved 
in oral view.
Numerous fragments of bars and blades were found throughout the Baggy and 
Piiton sequence, and although many could be identified as belonging to this 
genus, specific identification was impossible.
Hindeodella subtilis Ulrich & Bassler, 1926 
(PI.12, figs.8a-c, lOa-c, l4a-c)
1926 Hindeodella subtilis Ulrich & Bassler; p.39> pl-8> figs.17-19-
FIGURE 4 4
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Hindeodella subtilis Ulrich & Bassler: Cooper; p.l47, pi.20, fig.9.
Hindeodella pumilla Cooper; p.236, pi.28, fig.l8.
Hindeodella subtlllta Cooper; p.236, pi.28, fig.17.
Hindeodella dellcatula Branson & Mehl; p.280, pi.22, fig.30.
Hindeodella alternidens Huddle; p.44, pi. 5, fig.13(non PI. 5,
fig.12 = Hindeodella sp.).
Hindeodella. angulus Huddle; p.44, pi. 5, fig. 15-
Hindeodella grand!s Huddle; p.4l, pi.4, lig.22.
Hindeodella laticlavis Huddle; p.43, Pl-5, figs.9,10.
Hindeodella delicatula Branson & Mehl: Branson & Mehl; pi.33,
----------------------  fig.34.
Hindeodella subtilis Ulrich & Bassler: Cooper & Sloss; p . i y O ,  
--------------------  pi.28, figs.22,32,33.
Hindeodella a t t e r i d e n s  H u d d le :  C o o p e r  & Sloss; p.170, p i . 28,
---------------------- fig. 23.
Hindeodella p e t i l a  C o o p e r: C o o p e r  & Sloss; p.170, p i . 28, f i g s . 26,3 
H in d e o d e l la  deflecta H ib b a r d :  C o o p e r  & Sloss; p.170, p i . 28, f i g s . 27
-------------------- 34.
Hindeodella germana Holmes: Cooper & Sloss; p.170, pi.28, fig.28. 
Hindeodella grandis Huddle: Cooper & Sloss; p.170, pi.28,
----------- -------- figs.31,37,39-
Hindeodella laticlavis Huddle: Cooper & Sloss; p.170, pi.28, fig. 38 
Hindeodella germana Holmes. Sannemann; p.130, pi.2, fig.45. 
Hindeodella deflecta Hibbard: Sannemann; p.129, pi.5, fig.8. 
Hindeodella deflecta Hibbard: Heins; pi.4, fig.32, pl.l, fig.17. 
Hindeodella germana Holmes: Zimmermann; pl.l, fig.l6.
Hindeodella germana Holmes: Budurov; p.262, pi.3, fig.11. 
Hindeodella sp. Winder; p.91, fig.1,6.
Hindeodella germana Holmes: Spasov; p.86,8 7, pl.l, fig.10. 
Hindeodella similis Ulrich & Bassler; Spasov; p.8 7, pl.l, fig.11.
\„n
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1969 Hindeodella subtilis Ulrich & Bassler: Rhodes, Austin & Druce;
p.l25, pi.29, figs.6a-7b, 9-10b.
I969 Hindeodella subtilis Ulrich & Bassler: Druce; p.69, pi.10, figs.3,4.
Description.
The apical denticle is tall, laterally compressed, biconvex in cross- 
section and inclined posteriorly. The anterior bar is deflected laterally 
through 90°, or deflected only slightly in a lateral sense. The anterior 
bar is also laterally compressed, bearing 4 or 5 small denticles.
The posterior bar is thin, and often comparatively deep, bearing 
numerous discrete denticles. There is some variety m  the pattern of the 
posteriorly inclined dentition of this bar, as it may be cyclic or the 
denticles may be of relatively uniform dimensions. Toward the posterior 
end of the bar the denticles become flat lying or inclined at a very low 
angle to the horizontal.
The basal cavity is small and situated beneath the apical denticle. 
Remarks.
This group was by far the most abundant identifiable form of hindeodellid 
in the Baggy PiIton Beds, occurring in all the samples collected from Croyde 
Bay and Fremington. Many of these specimens were broken, the anterior bar 
or part of the posterior bar being missing in most cases.
Material studied. 83 specimens 
Occurrence. PB.l - F .8
Catalogue numbers of the figured specimens. JW.230, JW.232, JW.236
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Hindeodella cf. H. tenuis Clarke, i960 
(PI.12, figs.l2a-13b)
i960 Hindeodella tenuis Clarke; p.8,9, pl.l, fig.10,11.
1969 Hindeodella tenuis Clarke: Rhodes, Austin & Druce; p.126, pi.28,
fig.27.
Description.
The posterior bar is long, straight in its anterior two thirds and 
gently down-curved in its posterior third. The denticles increase in size 
posteriorly and are discrete though relatively closely set along the oral 
surface of the bar. The denticles are inclined posteriorly, the degree of 
inclination being greatest in the posterior third of the bar.
The apical denticle is recurved, massive and tall, its basal width being 
2 to 3 times that of the largest posterior bar denticle.
The anterior bar is relatively short and only gently inflexed. The 
basal cavity occurs directly beneath the apical denticle and is small and 
slit-like with a prominent keel extending from it along the aboral side of the 
posterior bar.
Remarks.
The present specimens are similar to those described by Rhodes, Austin & 
Druce, except for one morphologic feature that the Pilton specimens do not 
share with those described from the Dibunophyllum Zone of the Lower 
Carboniferous of the North Crop of the South Wales coalfield. The Pilton 
forms lack the presence of smaller denticles between each of the larger 
denticles of the posterior bar.
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Material studied. 17 specimens
Occurrence. PB.l - PB.16
Catalogue numb er s of the figured specimens. JW.23A  JW.235
Hindeodella corpulent a Branson & Mehl, 193̂ - 
(P1 .12, figs.9a~c, 11a-c)
I93̂ t- Hindeodella corpulenta Branson & Mehl; p.28l, pi.22, figs.32,33.
193'+ Metaprioniodus fractus Huddle; p.ll, figs. A , 15.
193̂ + Ligonodina conidens Huddle; p.63? pi-12, figs.18,19.
1938 Ligonodina angulata Branson & Mehl; p.1^2, pl.3*+, fig A3.
1939 Ligonodina conidens Huddle: Cooper; p.390, plA5> figA5.
1 9 A  Ligonodina angulata Branson & Mehl: E.B. Branson; pi.39? figA3.
• 19̂ +7 Hindeodella millerella Youngquist & Peterson; p . 2 k 5 ,  pi.38, fig.1-5. 
19̂ +9 Hindeodella cf. Hindeodella corpulenta Branson & Mehl: Thomas;
pAo8, pl.l, fig A.
1969 Hindeodella corpulenta Branson & Mehl: Rhodes, Austin & Druce; p.120
pi.29, figs.l6a-17c.
I969 Hindeodella corpulenta Branson & Mehl: Druce; p.68, pi.10, figs.5-7
De scription.
The anterior lateral bar is deflected laterally through 90° and depressed 
downward through 60° to 90°. It bears between k to 6 discrete subcircular 
denticles which may be vertical, anteriorly or posteriorly inclined. These 
denticles are commonly inclined posteriorly.
The apical denticle is tall, ovate at its base becoming semicircular 
toward its tip. It is gently recurved and inclined posteriorly.
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The posterior bar is straight or gently bowed, in lateral view, bearing 
5 to 6 large, isolated, posteriorly inclined denticles which increase in size 
and inclination toward the posterior end of the bar.
The basal cavity is large and expanded beneath the apical denticle and 
extends approximately two thirds of the way along the aboral surface of the 
posterior bar before tapering to a point.
Material studied. 38 specimens
Occurrence. PB.10 - F .8
Catalogue numbers of the figured specimens. JW.231, JW.233
Genus HINDBODINA Hass, 1959
(Fig. 5̂)
1959 Hindeodina Hass, p.382
Type species. Hindeodina simplaria Hass, 1959
Hass's diagnosis of this genus is as follows:-
"Elongate blade-like or bar-like unit; anterior bar .may be flexed inward. 
Main cusp aborted, indistinct, distinguished from bar denticles only through 
its position above the pulp cavity. Bar denticles may be of more than one 
size. Greater part of aboral side sharp edged. Lips of pulp cavity 
either absent or extremely small.”
This genus is distinguished from Hindeodella and Cervicornoides by the 
absence of a large, well developed main cusp. It is distinguished from 
Branmehla and Coleodus by its more elongate nature, and from Bactrognathus by 
the possession of a sharp-edged aboral side and only small lips to its basal 
cavity, If it has lips at all.
Hindeodina simplaria Hass, 1959 
(PI. 13, figs.- la-2b)
1959 Hindeodina simplaria Hass, p.38 2, pi.48, fig.17
Three specimens of this species were recovered from the Lower Pilton Beds. 
They compare closely with Hass’s (l959> P-382) original description. Many of 
the broken conoaont bars and blades recovered in this study are probably 
fragments of this genus, but in most cases, it is impossible to distinguish 
such fragments from broken hindeodellids.
FIGURE 45








Material studied. 5 specimens 
Occurrence. PB.21 - PB.35
Catalogue numbers of the figured specimens. JW.237 - JW.238
Genus ICKIODUS (Branson & Mehl, 193k)
(Fig.k 6 )
193k Icriodus Branson & Mehl, p.225 (nomen nudum)
1938 Icriodus Branson & Mehl, p.159
Jype species. Icriodus expansus Branson & Mehl (1938) p.l60-l6l, pi.2
figs. 18-21, by original designation.
Branson and Mehl's original description of this genus was as follows; 
"Platform-like teeth with high sides either straight or flaring near the 
lower margin, of more or less spindle-shaped or lachrymiform outline in 
superior view and without a distinct anterior blade as in polygnathids. 
The aboral side is deeply excavated its entire length and the oral 
surface consists of two or more longtitudinal rows of low, sharp cusps."
These authors noted that this genus seemed closely related to Gnathodus 
t>ut could be distinguished in that the aboral cavity of Gnathodus consisted 
of a circular cup at the posterior end of a long blade, and the oral surface 
Posterior to the blade was convex rather than platform-like.
Thomas (19U9) described a new genus which he called Pelekysgnathus. He 
commented that its generic relationships were doubtful but the morphology of 
of one of his specimens suggested an affinity with Icriodus. It is true that
FIGURE 46
ma ir
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the genera Icriodus and Pelekysgnathus are closely related, and since 19^9 
opinions have varied with regard to the criteria that should be employed to 
distinguish them. Klapper (1966) summarised the problems which have arisen, 
and the present author proposes to follow his arguments and conclusions.
The present interpretation is that Pelekysgnathus differs from Icriodus 
in possessing only one row of oral denticles. Icriodus normally has three 
such rows, although forms with two rows of oral denticles have been recorded 
(e.g. Voges 1959? Taf.33, fig.1+J+; Voges calls his two rowed forms, 
Pelekysgnathus sp.A). Muller & Muller (1957) diagnosed forms with two rows 
of denticles as belonging to Icriodus, but they emphasised that such forms 
were a rarity. Klapper (1966) expressed his agreement with Muller & Muller's 
int erpr et at i on.
According to this interpretation, Pelekysgnathus costata Thomas 19̂ -9; 
should be assigned to the genus Icriodus, because of the presence of two 
lateral rows of denticles which have become fused transversely. Similarly, 
Voges (1959, pi.33, fig.M+) illustrated a conodont with two rows of nodes, 
which he called Pelekysgnathus sp., and this too should be included in the 
genus Icriodus.
Ethington et al (1961) decided that the best criteria for distinguishing 
the two genera in question were the more prominent inclined main cusp and the 
greater degree of arching of Pelekysgnathus. However, evidence that icriodids 
have developed long inclined cusps at various stages in their evolution is 
substantiated by the icriodids from the Lower Pilton Beds, all of which 
display prominent main cusps. In a number of cases the main cusps of the 
icriodids are more prominent than those of the associated pelekysgnathids.
Thus, the possession of a long inclined main cusp is not a feature which is 
unique to Pelekysgnathus, and, as suggested by Klapper (1966), "the degree
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of arching does not seem to be character of sufficient value for generic 
differentiation in platform conodonts".
According to the criteria of Ethington et al (1961), Icriodus costatus, 
which can be arched and which does possess an inclined main cusp, should 
be assigned to the genus Pelekysgnathus despite the fact that it has three 
rows of denticles.
Another point of conjecture, during the past thirty years or so, has 
been the orientation of Icriodus. Branson & Mehl (l93^c) and Thomas (19̂ +9) 
orientated the genus with the main cusp when present, and greatest width of 
the aboral cavity, as posterior. The same orientation is used by Hass (1962) 
in the Treatise on Invertebrate Palaeontology (Part W Misscellanea).
Muller & Muller (1957) interpreted the main cusp as a reduced blade, and thus 
orientated the genus with this cusp and the maximum width of the basal cavity 
as anterior. Ethington & Furnish (1962) also orientated Icriodus in this 
way, as did Anderson (1966). However, Ziegler (i960), Klapper (1966), 
Sannemann (1955), Lindstrom (19^0 and Glenister and Klapper (1966) advocate 
the former method of orientation for icriodids, because of the inclination of 
the main cusp when it is present. In all other conodont elements the 
posterior end is indicated by the direction of inclination of the denticles, 
and these authors note that it would be wrong to make Icriodus the exception. 
The writer proposes to follow this argument and orient the members of the 
genus with the main cusp as posterior; the maximum width of the large 
excavated basal cavity is thus also posterior.
Icriodus costatus (Thomas, 19 +̂9 )
(PI.7, fils.9a - 10c, PI.8, figs.la-c, 3a-c)
l<jl|.̂ Pelekysgnathus costata Thomas, p.̂ -2̂ 1*, pi.2, fig. 9
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19^9








Icriodus cf. I. rectus (Youngquist & Peterson): Thomas; p.i+3̂ ,
pl.l, figs.17,18.
Icriodus cornutus Sannemann; p.130, taf.4, figs.l9a-c, 20, 21.
Icriodus darbyensis Kalpper; p.1086, pl.lUl, figs.9,11,12.
Pelekysgnathus darbyensis (Klapper): Ethington, Furnish & Wingert;
p.765, pi.90, figs.12-17.
Pelekysgnathus darbyensls (Klapper): Lindstrom; p .53 & l6l,
text fig. 17A, 56h.
Icriodus cornutus (Sannemann): Glenister & Klapper; p.80^-805,
p i . 95, figs.2 , 3 .
Icriodus costatus (Thomas): Anderson; p.Uo6 , pi.52, figs.1- 6 , 10. 
Icriodus costatus (Thomas): Klapper; p.30, pi.6, figs.19-22. 
Icriodus cornutus (Sannemann): Wolska; p.380, pi.11, fig.5a-b.
Diagnosis.
Prominent main cusp inclined posteriorly, three sub-paralled rows of 
denticles ornament the oral surface. The denticles of the lateral rows 
are aligned with those of the carina. In mature forms, transverse ridges 
may develop connecting the denticles of the three rows. Basal cavity 
widest posteriorly, often displaying flared margins.
Description.
Disregarding the prominent main cusp, the overall shape of these units, 
in oral view, can vary from those with sub-parallel sides to those (more 
mature forms) with platforms which taper gradually toward the anterior.
The aboral cavity in both juvenile and mature forms alike, is widest 
posteriorly, tapering to a sharp point anteriorly.
Orally these elements are dominated by the large, posterior cusp which 
projects out beyond the platform of the conodont unit. On the platform
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itself the ornamentation consists of three rows of denticles, a carinal or 
central row and two lateral rows. The three rows run sub-parallel for the 
greater part of the platform length, but the denticles of the lateral rows 
become markedly smaller toward the anterior end, owing to the tapered nature 
of the platform. In some cases the most anterior carinal denticle is 
unaccompanied by lateral denticles, but often minute lateral denticles are 
visible, budding off the sides of this carinal denticle. The nodes of the 
lateral rows are aligned opposite those of the carina and in mature forms 
all or most of the carinal nodes are connected by transverse ridges to the 
adjacent lateral nodes. The number of denticles composing the carina 
ranges from 6 to 8, excluding the main cusp. Both lateral rows of any 
one specimen invariably consist of one fewer denticle than the carinal row.
Individual units are bilaterally asymmetrical, the outer side being 
convex while the inner side is straight or slightly concave. This is 
true of both right and left forms and consequently right and left forms 
are mirror images of each other with regard to oral ornamentation.
Aborally the basal cavity of right and left forms is also bilaterally 
symmetrical, but the cavity of an individual unit is bilaterally asymmetrical. 
The maximum width of the large excavated cavity, which occupies the whole 
of the aboral surface, is located at the posterior end of the unit. The 
cavity is rounded posteriorly and tapers gradually toward the anterior end 
where it terminates in a point. The outer edge of the aboral cavity of an 
individual element Is convex, while the inner edge is convex in the 
posterior third becoming concave in the middle and anterior thirds, after 
curving sharply. The margin of the cavity may be flared, particularly in 
the posterior half of the unit.
In aboral view the prominent, inclined main cusp on the oral surface
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can be seen p r o je c t in g  beyond the p o s te r io r  l im it  o f  the b a sa l excavatio n .
L a t e r a l ly  the u n its  are s l i g h t ly  arched to  s t r a ig h t ;  the main 
p o s t e r io r ly  in c lin e d  cusp dominates the la t e r a l  p r o f i le .  I t  p ro je c ts  from 
the p la tfo rm  at an angle o f ^ 5°  to  65° ,  and often i t  i s  curved g e n tly  
upwards, having a h o o k -lik e  appearance. The d e n t ic le s  o f the th ree  o ra l  
rows a l l  a t ta in  approxim ately the same h e igh t but are co n sid e ra b ly  lower 
than the p o s te r io r  cusp. In  la t e r a l l y  arched form s, the d e n t ic le s  o f the  
anteriorm ost p o rtio n  o f the c a r in a  are not as h igh  as the r e s t  o f the  
p la tfo rm  d e n t ic le s ,  but t h is  i s  due s o le ly  to  the a rch in g . With the  
exception  o f the main cusp the o ra l and a b o ra l edges are p a r a l le l ,  whether 
or not the u n it  I s  arched or s t r a ig h t .
Remarks.
Klapper (1966) diagnosed t h is  s p e c ie s , s ta t in g  th a t the la t e r a l  and 
median rows o f d e n t ic le s  were always connected by tra n sv e rse  r id g e s .  T h is  
was apparent on ly  in  mature specimens o f t h is  s p e c ie s , from the Lower P ilt o n  
Beds, sm alle r forms u s u a lly  d is p la y in g  three  d is t in c t  rows o f nodes w ith  no 
co n n e ctin g  r id g e s .  However, in  every case the  la t e r a l  and median rows o f  
nodes were a lig n e d , i f  not connected, t ra n s v e rs e ly .
Ic r io d u s  co sta tu s  i s  s im ila r  to  Ic r io d u s  symmetricus in  th a t they both  
p o sse ss a lig n e d  rows o f d e n t ic le s ,  but Ic r io d u s  symmetricus la c k s  a prom inent, 
h o r n - l ik e ,  p o s t e r io r ly  in c lin e d  main cusp. Anderson (1966) noted th a t  
specimens which he c a lle d  Ic r io d u s  co sta tu s  g e n e ra lly  d id  not develop  
tra n sv e rse  r id g e s  and he concluded th a t h is  specimens were t r a n s it io n a l  forms 
between Ic r io d u s  cornutus Sannemann and Ic r io d u s  c o s ta tu s , as i l lu s t r a t e d
by Thomas (19^9), Klapper (1958 & 1966) and E th in gto n  et a l  (1961). The 
author has considered a l l  the forms from the P ilt o n  Beds w ith  prominent
posterior cusps and aligned lateral and median denticles (with or without 
connecting transverse ridges) as Icriodus costatus, those without ridges being 
interpreted as immature forms. However, Anderson's conclusions that those 
forms without ridges are transitional may well be valid.
Icriodus cornutus Sannemann has alternating lateral and median nodes and 
is distinguished from Icriodus alternatus Branson & Mehl by the possession of 
a prominent main cusp, which is strongly inclined posteriorly. Although the 
photographs are not perfectly clear, Icriodus cornutus illustrated by Wolska 
pi.2, fig.5a-b, apparently has aligned denticles characteristic of Icriodus 
co status.
Material studied. 23 specimens 
Occurrence. PB.10 - PB.16
Catalogue numbers of the figured specimens. JW.178 - JW.18O, JW.182
Icriodus sp. nov. 
(PI.8, fig.2a-c)
Diagnosis.
Prominent, curved main cusp, two lateral rows of seven denticles which 
can be nodose or ridge-like. Central or carinal row of denticles fused for 
the greater part of their length, occurring as a longtitudinal ridge. Basal 
cavity extremely large and the edges prominently flared; it is as wide as 
long. Maximum width of the basal cavity is much greater than the maximum 
width of the oral platform. In lateral view the platform is boat-shaped.
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D e s c r ip t io n .
O ra lly  the ornam entation shows no p re c is e  symmetry. The p la tfo rm  s id e s  
are b i-c o n v e x , approxim ately tw ice as lo n g  as broad. Two d is t in c t  la t e r a l  
rows, each c o n s is t in g  o f seven d e n t ic le s ,  are v i s i b l e ,  some o f the d e n t ic le s  
com prising these rows are r e s t r ic t e d  to the p la tfo rm  m argins and are nodose; 
o thers are r id g e - l ik e  and connected tra n s v e rs e ly  to  the  median or c a r in a l  
r id g e . The nodes o f the c a r in a  are fused fo r the g re a te r p a rt o f t h e ir  
le n g th , o c c u rr in g  as a low continuous r id g e , but three  d is t in c t  nod.es 
b e lo n gin g  to the c a r in a  can be seen, two at the a n te r io r  end o f the r id g e  
and. one at the p o s te r io r  end (other than the main p o s te r io r  cu sp ). These 
th ree  nodes and the r id g e , which compose the c a r in a , do not run in  a s t r a ig h t  
or g e n tly  curved l in e  but have an angular d is t r ib u t io n ,  and thus the o ra l  
su rfa ce  i s  m arkedly asym m etrical. The main cusp at the p o s te r io r  end o f the  
u n it  i s  prominent and curved.
T h is  specimen i s  a pparently  a r ig h t  form; t h is  i s  based on the o v e r a ll  
cu rva tu re  o f the u n it ,  and i f  t h is  d e sig n a tio n  i s  c o rre c t  then th e re  i s  a 
shallow  trough developed on the outer side  o f the p la tfo rm  between the c a r in a  
and the outer la t e r a l  row o f nodes.
A b o ra lly  the a n te r io r  t ip  o f the b a sa l c a v it y  i s  m is s in g , b u t, the re s t  
o f the c a v it y  i s  w e ll p reserved. The c a v it y  i s  extrem ely la rg e  and w id e ly  
f la r e d ,  the le n g th  and w idth be in g approxim ately equidim ensional. The 
outer edge i s  convex w h ile  the inner edge i s  convex in  the p o s te r io r  h a lf  
and then sh arp ly  curved to  become concave in  the a n te r io r  h a lf  o f th e -u n it .  
The p o s te r io r  m argin o f the c a v it y  i s  rounded and, although the extreme 
a n te r io r  p o rtio n  o f the c a v it y  i s  m is s in g , the nature  o f the s id e s  le a d in g  
to  t h is  re g io n  suggest a p o inted  a n te r io r  m argin. The maximum w idth o f the
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ab o ra l c a v ity  i s  co n sid e ra b ly  la r g e r  than the maximum w idth o f the o ra l  
p latfo rm ; t h is  i s  due to  the f la r e d  nature o f the m argins o f the excavatio n .
L a t e r a l ly  the u n it  has a b o a t - lik e  p r o f i le .  The f la re d  m argins o f the  
b a sa l c a v it y  form a stu rd y base, and the p la tfo rm , in c lu d in g  the main cusp, 
resem bles a boat s i t t in g  on t h is  base. The p o s te r io r  edge o f the u n it  
curves backward a n t e r io r ly  m eeting the f la re d  p o s te r io r  m argin o f the b a sa l 
c a v it y  at an angle o f ju s t  under 90° -  The a n te r io r  m argin cu rves back  
p o s t e r io r ly ,  b u t, because the anteriorm ost p o rtio n  o f the b a sa l c a v it y  i s  
m issin g , i t  i s  im p o ssib le  to  a s c e rta in  the angle  o f the ju n c t io n  between the  
a n te r io r  m argin o f the p la tfo rm  and the b a sa l c a v ity .
The p o s te r io r  main cusp i s  by fa r  the la r g e s t  d e n t ic le ,  b u t, the p la tfo rm  
r i s e s  g ra d u a lly  from the base o f the main cusp to  the a n te r io r  extrem ity  and 
the h e igh t o f the main cusp i s  thus equated by the anteriorm ost d e n t ic le  o f the  
c a r in a . The c a r in a l  r id g e  o f the p la tfo rm  i s  obscured by the la r g e r  d e n t ic le s  
o f the la t e r a l  rows in  t h is  view . The main cusp i t s e l f  i s  curved or h o o k -lik e  
and although i t s  base i s  in c lin e d  p o s t e r io r ly ,  the t ip  o f the cusp i s  
in c lin e d  v e r t i c a l l y  i f  not s l i g h t ly  a n te r io r ly .
Remarks.
Only one specimen o f t h is  type was recovered d e sp ite  e xte n sive  resam pling  
o f the h o rizo n  from w hich i t  came. T h is  specimen could  be c it e d  as an 
argument a g a in st the o r ie n ta t io n  o f Ic r lo d u s  w ith  the main cusp as p o s te r io r .  
T h is  o r ie n ta t io n  i s  recommended by many authors based on the d ir e c t io n  o f  
in c l in a t io n  o f the cusp, but in  the present specimen the main cusp i s  d ire c te d  
v e r t i c a l l y ,  i f  not s l i g h t ly  a n t e r io r ly .
Only two other forms have been lo ca te d  in  the l i t e r a t u r e  which show any
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resemblance to this specimen. This resemblance is merely in overall shape, 
and in detail there are significant differences. The two forms in question 
are N. g. and n. sp. Bouckaert & Ziegler (1965, pi.5, figs.9,10,11) and 
Icriodus constrictus Thomas, as illustrated by Anderson (1966, pj-f05, pi.52, 
figs.14-16). Only a few specimens of both of these forms have been recovered 
and described as yet, and hence the range of intraspecific variation is not 
yet established. The multitude of complex transverse ridges serves to 
distinguish Bouckaert and Ziegler's specimen from that of the Pilton Beds, 
together with a differently shaped basal cavity. Anderson's illustration 
of Icriodus constrictus resembles this Pilton form in general shape, but 
possesses characteristic bifurcating transverse ridges and no prominent 
main cusp. Klapper's (1966) illustration of this species (pi.6, fig.l8) 
does not even resemble the Pilton form in overall shape.
U n t i l  more i s  known w ith  re ga rd  to  the l im it s  o f in t r a s p e c if ic  
v a r ia t io n  w ith in  forms such as th e se , the author p re fe r s  to  re ga rd  t h is  as 
a separate and new sp e c ie s.
Material studied. 1 (one) specimen 
Occurrence. PB.15
Catalogue number o f the f ig u re d  specimen. JW .l8l
Ef.B. One specimen o f Ic r io d u s  from the Lower P ilt o n  Beds had a very  
f la r e d  c a v it y  developed co n sp icu o u sly  on ¿iust one s id e  o f the u n it .
However, t h is  specimen was only p a r t ia l ly  preserved and consequently no 
v a l id  assum ptions cou ld  be made as to  i t s  s p e c if ic  a f f i n i t i e s .  D esp ite  
t h is ,  the nature of the c a v it y  i s  unique in  the Lower P i lt o n  Beds and t h is  
incom plete specimen i s  ap p aren tly  not a member o f  e ith e r  o f the sp e cie s
d e scrib e d .
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Ic r io d u s  cp. 
(? .I.V , f i g . 8a -c )
D e s c r ip t io n .
O r a lly ,  what appears to  he the p o s te r io r  t h ir d  o f the u n it  has been 
p a r t ia l ly  removed. n e v e rth e le ss , three  d is t in c t  rows o f p la tfo rm  d e n t ic le s  
are v i s ib le  and the p la tfo rm  i t s e l f  i s  b i-co n v e x  in  o u t lin e , ta p e rin g  
g ra d u a lly  toward the a n te r io r . The d e n t ic le s  are p e g - l ik e  and d is c r e t e ,  
no tra n sv e rse  r id g e s  b e in g  evident. In  the a n te r io r  h a lf  o f  the p la tfo rm  
the nodes o f the la t e r a l  rows a lte rn a te  w ith  those o f the c a r in a , w h ile  in  the  
p o s te r io r  h a lf  they become a lig n e d  w ith the c a r in a l nodes.
The f la re d  m argin o f the basai, c a v ity  p ro je c ts  prom inently beyond the 
edge o f the p latform . Whatever the nature o f the a b o ra l c a v ity  ( i t  i s  
t o t a l ly  obscured) i t  i s  fa r  w ider than the maximum w idth o f the o ra l p latfo rm .
In  la t e r a l  view the nodes o f the a n te r io r  h a lf  o f  the p la tfo rm  are  
v i s i b l y  la r g e r  than those o f the p o s te r io r  h a lf .  The o ra l edge i s  s t r a ig h t ,  
but no co n c lu s io n s  can be reached w ith re gard  to  the a b o ra l edge, owing to  
f r a c t u r in g .
A b o ra lly  no fe a tu re s  are v i s ib le ,  owing to  the sedim entary m a te ria l 
which co ats t h is  su rfa c e , and t o t a l ly  i n f i l l s  the banal c a v ity .
Rem arks.
T h is  specimen was the only conodont r e tr ie v e d  from the P ilt o n  Bed outcrop  
on the main Barnstab le-Taunton  road, one m ile  east o f the v i l la g e  o f  
Bampton. T h is  conodont has been a ssign ed  to  the genus Ic r io d u s , a lthough  
the specimen i s  incom plete and the a b o ra l su rfa ce  i s  com pletely hidden by- 
adhering sedim entary m a te ria l which cannot be removed w ithout fu rth e r  damaging
the  specimen.
D esp ite  t h is ,  the o ra l ornament at i  on d is p la y s  three  rows o f nodose 
d e n t ic le s  t y p ic a l  o f ic r io d id s ,  and, although incom plete the specimen, 
has a c h a r a c t e r is t ic  ic r io d id  o u tlin e  in  o ra l view. The aboral s id e  o f
the u n it  has a f la re d  m argin, t y p ic a l  o f many sp e cie s  o f t h is  genus.
T h is  specimen i s  not a member o f e ith e r o f the ic r io d id  sp e cie s  
d e scrib e d  from Croyde Bay. The o ra l ornam entation, which i s  a com bination  
o f both a lte rn a t in g  and a lig n e d  la t e r a l  and median d e n t ic le s ,  i s  u n lik e  
th a t o f the other P ilt o n  ic r io d id s .
I f  the present id e n t if ic a t io n  i s  c o r re c t ,  t h is  would in d ic a te  th a t the  
P ilto n  Beds at Bamoton are o f Upper Devonian age (Lower P ilt o n  age). 
N a tu ra lly  the evidence o f a single, broken specimen i s  fa r  from c o n c lu s iv e ,  
and furtherm ore one cannot ru le  out the p o s s io i l i t y  uhat t h is  specimen has 
been reworked.
D esp ite  extensive  resam pling no other conodonts were found in  any o f  
the Bampton h o rizo n s.
Mate r ia l  stud ied . 1  (one) specimen
Occ u rre n ce. B .7
Catalogue number of the figured specimen. JW.177
Genus NEOPRIONIODUS Rhodes & M u lle r, 1956 
( F ig .  1+7)
1956 Neop rio n io d u s Rhodes & M u lle r, p . 698.








Pander's ( 1856 , p . 29) o r ig in a l  d e f in it io n  o f the genus P rio n io d u s  
was very  broad in  n ature , encompassing a i l  forms which d isp la y e d  a la rg e  
fang, a p o s te r io r  and p o s s ib ly  an a n te rio r  bar or b lade, and a long narrow  
b a sa l c a v ity .  Rhodes <1 M uller (1957) re f in e d  P ander's genus in to  f iv e  
genera name1v ,
P rio n io d u s s . s .
Neoprioniodus Rhodes & M u ller  
Ligonodina U lr ic h  & B a s s le r  
Genus indet a 
Genus indet b
T h e ir  d ia g n o s is  o f the genus Neoprioniodus was as follows:-
"Compound conodonts c o n s is t in g  o f a d e n ticu la te d  p o s te r io r  b a r, at 
the a n te r io r  end o f which a la rg e  fang (main cusp) i s  developed.
The base o f t h is  fang may or may not extend downward below the le v e l  
o f the bar to  form an h a n ticu sp ', the a n te r io r  edge o f which may or 
may not be d e n ticu la te d . There i s  u s u a lly  a b a sa l c a v it y  below the  
fan g, which may be extended as a shallow  groove on the ab o ra l su rface  
o f the p o s te r io r  b a r."
Neoprioniodus confluens (Branson & Mehl, 193^)
(PI.13, figs.7a-9b)
I 93I+ P rio n io d u s confluens Branson & Mehl; p .2 0 6 , p i .  15, f i g . 7
(non p i . 15, fig. 17 = N. alatus)
193)4 Euprioniodina prona Huddle; p . 5 2 , p i . 6 , f ig . 1 9 ,  (non p i . 11,
fig. 8 = E. alternata)
1939 P rio n io d u s a la tu s  Hinde; Cooper: p.4oU, p l.l+ 6 , f i g s . 6 , 8 .
19^9 P rio n io d u s aphanes (Cooper); Thomas: p . U i l ,  p i . 4 , f i g s . 20, 3^.
19i+9 Prio n io d u s obtusus Branson & Mehl; Thomas: p .4o8, pl.l, f ig s .  1,7.
1955 Prio n io d u s prona (H uddle); Sannemann: p.152, pi.3, fig.1.
1957 P rio n io d u s prona (Huddle); Z ie g le r  in  F lü g e l & Z ie g le r ;  p .^ 9 ,
p i . b, f i g . 6.
1961 N eoprionlodus armata (H in d e ); Sco tt & C o llin s o n ; p .1 2 7 5 p i . 2,
f i g . 2k (non pi.2,.f i g . 22 =
N. arm ata) .
1969 Neoprioniodus confluens (Branson & M ehl): Rhodes, A u stin  & Druce;
p . 1 5 8 , p i . 21, f i g s . 2 ,8 .
1969 Neonrioniodus confluens (Branson & M ehl): Druce; p . 7 6 , p l . lU ,
± " f ig s .1 1 a - 12.
D e s c r i p t i o n .
The a n te r io r  d e n t ic le  i s  t a l l ,  la t e r a l ly  compressed, ovate in  c ro s s -  
se c tio n , and extended a b o ra lly  to  form a prominent a n ticu sp . The b a sa l 
c a v it y ,  which commonly d is p la y s  a f la re d  m argin, i s  lo ca te d  at the  
Ju n ctio n  o f the a n ticu sp  and the p o s te r io r  bar. The p o s it io n  bar i s  very  
lo n g  and s t ra ig h t  or g e n tly  bowed in  la t e r a l  view. S e v e ra l specimens 
d is p la y  a bar which i s  s t ra ig h t  in  i t s  a n te r io r  tw o -th ird s  and g e n tly  
d e fle c te d  upward, through an angle o f approxim ately ^5° , in  i t s  p o s te r io r  
t h ir d .  The p o s te r io r  bar possesses at le a s t  10 and in  some specimens 
as many as 35 d e n t ic le s  which are d is c re te  on ly  at t h e ir  t ip s .
M a te ria l s tu d ie d . 73 specimens
O ccurrence. P B .l  - P .8
C a t a lo g u e  num b e r  s o f  t h e  f i g u r e d  s p e c im e n s . J¥.2j+2 - J V . 2 k k
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Genus OZARKODINA Branson & Mehl, 1939
( p i . 13, f i g s . l Q a - l l c )
(Text f i g . 98)
1939 Ozarkodina Branson & Mehl, p.51
Type s p e c ie s . Ozarkodina ty p ic a  Branson & Mehl, 1939
Branson ft Mehl erected the genus Ozarkodina fo r  those conodonts which 
c o n s iste d  o f t h in ,  d e n tic u la te d , arched b lades or bars w ith  a la rg e  main 
cusp near m id -le n g th , and an approxim ately equal number o f sm aller d e n t ic le  
on e ith e r  side  o f t h is  cusp. The d e n t ic le s  were compressed la t e r a l l y  and 
the b a sa l c a v it y  was lo ca te d  beneath the mam cusp.
The f ig u re d  specimens o f t h is  genus are represented by a s in g le  sp e cie
M a te ria l s tu d ie d . l8  specimens
O ccurrence. PB.2 -  F . 6
Catalogue numbers o f the f ig u r e d  s p e c im e n s . JW.295 -  JW.296
Genus PELEKYSGNATHUS (Thomas, 1999)
(Fig.99)
:L999 Pelekysgnathus Thomas, p.92.9, 925
I 961 Pelekysgnathus Thomas; E th in g to n , F u rn ish  & W ingert, p .769, 765
Type sp e cie s. Pelekysgnathus in c l in a t a  Thomas 1999, P-925 by o r ig in a l
d e sig n a tio n .
FIGURE 48
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T h i s  g e n u s  w?.s d e s i g n a t e d  f o r  a  s e r i e s  o f  f o r m s  f r o m  t h e  M a p le  M i l l  
S h a le  o f  S o u t h - e a s t  I o w a .  T h e  p r o b le m s  o f  d i f f e r e n t i a t i n g  P e l e K y s g n a t h u  
f r o m  I c r i o d u s  h a v e  b e e n  d i s c u s s e d  i n  t h e  s y s t e m a t i c  d e s c r i p t i o n  o f  t h e  l a t t e  
g e n u s .
T h o m a s 's  o r i g i n a l  d e s c r i p t i o n  o f  P e l e k y s g n a t h u s  w a s  a s  f o l l o w s : -
" D e n t a l  u n i t  c o m p o s e d  o f  a  t h i n ,  m o d e r a t e l y  d e e p  b l a d e  t h a t  i s  s t r a i g h t  
t o  s l i g h t l y  a r c h e d  i n  l a t e r a l  v ie w 7. O r a l  s u r f a c e  o f  t h e  b l a d e  m a r k e d  
b y  lo w 7, d i s c r e t e  o r  f u s e d ,  n o d e  o r  r i d g e  d e n t i c l e s  t h a t  a r e  n o t  e v i d e n t  
a s  g e r m  d e n t i c l e s  w i t h i n  t h e  b l a d e .  P o s t e r i o r  e n d  o f  t h e  b l a d e  
c o n s i s t s  o f  a  m a ; 'o r  t h o r n - l i k e  d e n t i c l e  t h a t  i s  d i r e c t e d  p o s t e r i o r l y  a t  
v a r y i n g  d e g r e e s .  A b o r a l  s u r f a c e  s y m m e t r i c a l l y  t h r o u g h o u t  i t s  e n t i r e  
l e n g t h ;  p i t  d e e p e s t  b e n e a t h  m a j o r  f a n g .  T h i n  l i p s  p r o j e c t  d o w n w a r d  
t o  c o v e r  a c o r a l  e x c a v a t i o n . "
T h o m a s  n o t e d  t h a t  t h e  g e n e r i c  r e l a t i o n s  o f  t h i s  g r o u p  w e r e  d o u b t f u l ,  
b u t  t h a t  t h e  n a t u r e  o f  t h e  b a s a l  c a v i t y  a n d  s o m e t im e s  r i d g e - l i k e  o r a l  
d e n t i c l e s  s u g g e s t e d  a n  i c r i o d i d  r e l a t i o n s h i p ,  w h e r e a s  t h e  m a in  t h o r n - l i k e  
f a n g  s u g g e s t e d  a  p r i o n i o d i d  r e l a t i o n s h i p .  K l a p p e r  (1966) s t a t e d  t h a t  t h e  
r e f e r e n c e  o f  P e l e k y s g n a t h u s  t o  t h e  p r i o n i o d i d a e  b y  H a s s  was d o u b t f u l .
T h e  a p p a r e n t  r e s t r i c t i o n  o f  P e l e k y s g n a t h u s  t o  t h e  U p p e r  D e v o n ia n ,  
m a k e s  i t  p o s s i b l e  t h a t  t h i s  g e n u s  r e p r e s e n t s  a  d e s c e n d a n t  o f  I c r i o d u s . 
A n d e r s o n  ( 1966) c o n s i d e r s  t h a t  t h e  t w o  r o w e d  f o r m s  o f  I c r i o d u s , w h ic h  a r e  
r a r e ,  r e p r e s e n t  t h e  t r a n s i t i o n a l  s t a g e  f r o m  I c r i o d u s  t o  P e l  e k y  s g n  a t  h u  s..
T h e  e v o l u t i o n  o f  P e l e k y s g n a t h u s  f r o m  I c r i o d u s  w o u ld  b e  e f f e c t e d  b y  a  
r e d u c t i o n  i n  t h e  n u m b e r  o f  o r a l  d e n t i c l e  r o w s  f r o m  t h r e e  t o  o n e  ( t h o s e  w i t h  
t w o  r o w s  a r e  r e g a r d e d  a s  i c r i o d i d s ) .  Som e a u t h o r s  i n c l u d e  t h e  d e v e lo p m e n t  
o f  a p r o m i n e n t  p o s t e r i o r  f a n g  a s  a  s e c o n d  t r e n d  a l t h o u g h  s e v e r a l  s p e c i e s  o f
I c r i o d u s  e x h i b i t  t h i s  f e a t u r e .
The o r ie n ta t io n  o f Pelekysgnathus i s  s im ila r  to  th a t o f Ic r io d u s, the  
p o s it io n  o f the main cusp in d ic a t in g  the p o s te r io r  end. T h is  o r ie n ta tio n  
i s  follow ed in  the present paper fo r  the same reasons c ite d  in  the  
system atic d e s c r ip t io n  o f the genus I c r io d u s .
The d ia g n o s t ic  fe a tu re s o f the genus Pelekysgnathus a r e : -
(a )  The p o sse ssio n  o f a prominent p o s te r io r  cusp.
(b ) A u n it  which i s  arched or s t ra ig h t  in  la t e r a l  view.
(c )  A sym m e trica lly  tapered b a sa l c a v ity .
(d ) A s in g le  row o f o ra l d e n t ic le s  which may be nodose or r id g e - l ik e .
Pelekysgnathus communis Thomas, 19P9 
(P 1 .8 , f ig s .4 a - c ,  5 a -c , 6a -c )
19^9 Pelekysgnathus communis Thomas ;pJ42^+, p i .  2, f i g s .  6 ,7 ,8  
1966 Pelekysgnathus in c l in a t a  Thomas; Anderson-, p .i+09 
1966 Pelekysgnathus sp. G le n is te r  & Klapper; p . 826, p i . 9 5 , f i g . 10
1966 Pelekysgnathus communis Thomas: G le n is te r  & K la p p e r•, p .826
D ia g n o s is .
Prominent p o s te r io r  cusp; three  nodose d e n t ic le s  co m p risin g  the b lade  
which are d is c r e te  only at t h e ir  t ip s .  A boral and o ra l edges s t r a ig h t  or 
only  g e n tly  arched in  la t e r a l  view. B a sa l c a v ity  ta p e rs  sym m e trica lly  
toward a n te r io r  and d is p la y s  f la re d  edges, t h is  be ing p a r t ic u la r ly  obvious 
at the p o s te r io r  o f the u n it .
D e s c r ip t io n .
O r a lly  the u n it  can be subdivided in to  two d is t in c t  p a r ts ,  the la rg e
p o s te r io r  cusp and the short thin blade. The blade is straight and in  all
f iv e  specim ens, i s  composed of three nodose denticles which are fused fo r  
the gre a te r p a rt of their length and discrete only at th e ir  tips. The 
main cusp i s  m arkedly in c lin e d  toward the posterior and may be s l ig h t ly  
curved toward the inner or outer side o f the u n it .  The expanded m argins 
o f the b a sa l c a v ity  f la r e  out prom inently below the main cusp and le s s  
prom inently below the b lade.
The b a sa l c a v ity  occup ies the whole of the aboral su rface  and i s  
deeply excavated throughout. I t  i s  w idest p o s t e r io r ly ,  ta p e rin g  g ra d u a lly  
and sym m etrica lly  toward the a n te r io r . The posterior edge of the c a v it y  i  
rounded and the a n te r io r  edge b lu n t ly  pointed. The m argins of the c a v ity  
are f la re d  in  the p o s te r io r  h a lf ,  and here the deepest excavatio n  o ccu rs ,  
corresponding to  a p o in t d ir e c t ly  below the main cusp. In  i t s  anterior 
h a lf  the c a v it y  shows l i t t l e  or no f la r in g .
In  la t e r a l  view  the aboral edge i s  s t ra ig h t  or on ly  g e n tly  arched, 
b u t, the o ra l edge i s  a l i t t l e  more complex. The th re e  d e n t ic le s  
com prising the b la d e , which po in t v e r t i c a l ly  or almost so, in cre a se  in  
h e igh t v e ry  g ra d u a lly  from a n te r io r  to  p o s te r io r . There i s  then a 
s u b s ta n tia l gap where the blade i s  u n d e n ticu la te d  and f i n a l l y  the prominent 
P o s te r io r  cusp i s  encountered., in c lin e d  at an angle  v a ry in g  between ^5° and 
65°  p o s t e r io r ly .  The maximum h e igh t o f the cusp i s  approxim ately tw ice
th a t o f the maximum h e igh t o f the b lade. The angle  made by the ju n c t io n
. oo f the a b o ra l and a n te rio r  m argins i s  v a r ia b le  but g e n e ra lly  around 90 .
The ratio of the height to width of the blade is 2:3 or smaller.
Remarks.
Anderson ( 1966) recommends th a t three  o f Thomas's o r ig in a l  sp e cie s  o f
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this genus should be considered as belonging to a single species. He 
states that Pelekysgnathus nodosa Thomas and P. communis Thomas are 
distinguished from P. inclinata Thomas by only minor details such as 
inclination of the main cusp and fusion of the denticles of the blade.
Anderson considers that these minor differences do not warrant the erection 
of three individual species and suggests that such variation can be 
attributed to infraspecific variability within a single species. He 
selects P. inclinata, the type species of the genus, as the valid name.
Anderson's assumptions are probably well founded, but, the pelekysgnathid 
specimens from the Pilton Beds are not numerous enough either to . substantiate 
or refute them. The reason why these Pilton specimens have been included 
in what is possibly an invalid species, is that they comply very closely 
with Thomas's original description of Pelekysgnathus communis.
Material studied. 11 specimens
Occurrence. PB.16 - PB.35
Catalogue numbers of the figured specimens. JW.I8 3, JW.184, JW.186
Pelekysgnathus croydeus sp. nov.
(PI.8, figs.7a-10c, Text fig.50)
Derivation of name. From its occurrence in the Pilton Beds exposed at
Croyde Bay.
Type specimen. Holotype JW.I85, PI.8, fig.7a-c.
Paratypes JW.I87, JW.188, JW.189? PI.8, figs.8a-10c.
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Pelekysgnathus croydeus sp. nov.
I k k
Diagnosis.
Small conodonts with blade composed of a single row of four to six 
denticles which are compressed transversely and as a result wedge-shaped.
Posterior cusp large by comparison with the blade denticles. Basal cavity 
tapers very slightly from posterior to anterior.
Description.
In oral view the unit is slender, the blade being composed of 4-6 
transversely compressed, ridge-like denticles. The overall shape of each 
denticle is wedge-like, similar to an inverted triangle, they become wider 
upward and .are discrete for only half their total length. Orally the main 
posterior cusp is distinguished from the blade denticles oy its nodose nature 
and its posterior inclination. The flared margins of the basal cavity make 
this feature obvious, even in oral view.
The basal cavity occupies the whole of the aboral surface and its sides 
are sub-parallel. The cavity tapers very slightly anteriorly from its widest 
development beneath the main cusp. Both anterior and posterior margins of 
the cavity are rounded. The inner and outer margins of the basal cavity are 
flared., particularly in the posterior half of the unit.
In lateral view the unit is lowest anteriorly, the three most anterior 
denticles of the blade increase gradually in height toward the posterior.
At this point the outline of the blade becomes straight, the rest of the blade 
denticles attaining an equal elevation. At the posterior end of the blade 
the profile of the unit is marked by the thicker, posteriorly inclined, main 
cusp. The cusp, when complete, reaches a height which is approximately twice 
that of the larger blade denticles. The posterior inclination of the cusp 
varies between 60° .and 90° from the horizontal. However, the cusp does not
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dominate the profile of this species to the extent shat it does in other 
species of this genus.
The aboral edge of the unit is straight or only gently archec in Lateral 
view. The angle made ty the junction of the ahoral and posterior edges is 
auiDroximatelv at rifrh't
Remarks.
These specimens are regarded as peiekysgnathids because of the single 
row of denticles on the oral surface, and the presence of a large, posteriorly 
inclined main cusp. However, careful examination of two specimens revealed 
that one or two of the blade denticles, in both cases, have two peaks. These
peaks are imperceptible in oral view but visible, though indistinct, in lateral 
view. The presence of two peaks on these ridge-like denticles may indicate 
that the ridges were formed by the fusion of two previously discrete nodes.
If all the ridges were formed in this way then this would indicate the fusion 
of two previously discrete rows of nodes. As stated in the systematic 
description of the icriodids, such forms with two rows of oral nodes are 
considered as members of the genus Icriodus.
This provides further possible evidence of Pelekysgnathus and Icriodus 
having close genetic ties with possibly the former developing from the latter 
through a reduction in the number of rows of oral denticles. However, the 
peiekysgnathids recovered from the Pilton Beds were extremely small both in­
cize and number, and no definitive conclusions could be drawn from the results 
of this study.
The two specimens from the Pilton Beds which have dual peaks to one or 
two of their ridges are still regarded as peiekysgnathids however, because,
(a) the peaks are indistinct, and if fusion has occurred it is at a most
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advanced stage; and (b) most of the ridges of the blade are flat topped, 
showing no evidence of their ever having been the result of fusion of two 
distinct nodes.
Material studied. ?0 specimens
Occurrence. PB.2 - PB.29
Ccatalogue numbers of the figured specimens. JW.185, JW.I8 7 - JW.1 8Q
Genus POLYGNATHUS Hinde, 1879 
(Fig.51)
1879 Polygnathus Hinde; p.362-367
CO CD VO Polygnathus H inde: Miller; P - 5 2 0
1926 Polygnathus Hinde: Roundy; p.13
1926 Polygnathus Hinde: Ulrich and Bassler; p.73
1957 Ctenopolygnathus Muller and Muller; H 0 CO
1967 Polygnathus Hinde: Ziegler, Klapper and Lindstrom;
1968 Polygnathus Hinde: Huddle; p.37-38
Type species: Polygnathus dubia Hinde, 1879, hy original designation
Miller, 1889.
Polygnathus robusticostata Ziegler, Klapper and Lindstrom,
1967.
The validity of the name Polygnathus has been a point of conjecture for 
many years. The arguments and theories which have arisen over this topic, 
have been summarised in a short note published by Ziegler, Klapper and
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Lindstrom (196*4). The problem arose, when Hinde (l879) neglected to 
designate a type species for his newly erected genus, Polygnathus. This 
genus was proposed for 20 species of conodonts recovered from the Upper 
Devonian of New York. One of the species, Polygnathus dubia, recognised 
by Hinde was supposed to represent a natural assemblage, composed of 30 
discrete conodonts preserved on a single slab of rock, and thus he selected 
no holotype.
Miller (1889) subsequently designated Polygnathus dubia as the type 
species, and Roundy (1926) selected Hinde's specimen pi.XVI, fig.1 7, as the 
lectotype of this species, although he had not seen Hinde's material. Only 
the lateral view of the lectotype is exposed, as it is partially embedded in 
shale.
Several authors, including Ulrich and Bassier (1926), noted that Bryant 
(l92l) designated Polygnathus pennata as the type species of this genus, 
although no statement to this effect can be found in his work. Nevertheless 
Miller was first to revise Polygnathus and thus his type species should 
have priority.
Ziegler, Klapper and Lindstrom (1964) regarded the type species, 
Polygnathus dubia, as a nomen dubium, and they stated also, that if the genus 
Polygnathus, was regarded as a nomen dubium then one must accept the earliest 
Junior synonym as the name bearer of those forms previously called 
Polygnathus. The genus Macropolygnathus Cooper (1939) is considered by some 
as a subjective junior synonym, of Polygnathus. (herein it is considered to 
be a subjective junior synonym of Pseudopolygnathus) as is Ctenopolygnathus 
Muller and Muller (1957)- However, Ziegler, Klapper and Lindstrom (1964) 
recommended that the name Polygnathus be retained, in the interests of
nomenclatorial stability, but they requested that the type species be changed
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to Polygnathus robusticostata Bischoff and Ziegler (1957 P-95-96). They 
further proposed new sub specific names for Polygnathus dubia dubia, and 
Polygnathus dubia asymmetrica which were, Polygnathus asymmetrica ovalis 
Ziegler and. Klapper, end Polygnathus asymmetrica a symmetric a respectively.
The proposals of these authors have been generally accepted, and as a result, 
the Polygnathus dubia zone of the Upper Devonian of Germany has been renamed, 
the Polygnathus asymmetrica zone, although, the designation of Polygnathus 
robusticostata as the new type species for the genus has yet to be accepted.
Huddle (j.968) redescribed the conodont genera and species recognised by- 
Ulrich and Bassler (1926), and his description of Polygnathus is as follows:-
"Lanceolate conodonts with a nearly symmetrical thick plate divided, by 
a carina which continues anteriorly into a free blade. Oral surface 
marked by nodes or rid.ges; or, rarely, smooth. Aboral side has .a 
continuous keel corresponding to the carina, a small basal cavity, 
growth lines and a narrow crimp".
This genus developed from Spathognathodus, and specimens from the 
Saverton Shale of Worth America show this development. Polygnathus gave 
rise to■several other genera including Ancyrodella. Polylophodonta, 
Siphonodella and Paimatolepis. Polygnathus differs from Ancyrodella in 
having a differently shaped plate, and no secondary keels or carinae. 
Siphonodella is distinguished from Polygnathus by a strong rostrum and 
rostral ridges, a sharp deflection of the axis immediately posterior to 
the rostrum and by the presence of both nodes and ridges in oral ornamentation 
Paimatolepis differs from Polygnathus in having a central node, sigmoidal 
curve of the carina and a generally thinner plate. Polylophodonta has an 
oral surface ornamented with nodes and ridges commonly arranged concentrically 
around the apex of the basal cavity, and a suppressed carina.
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Polygnathids can be subdivided into three basic groups, on the nature of 
the platform ornament.
a. Those species with transverse ridges - Found in the Devonian and very
common in the Lower Mississippian.
b. Those species with nodose platforms - Common in the Upper Devonian.
c. Those species with smooth platforms - Typically Devonian, but not very
important stratigraphically.
Rexroad and Scott (1964) stated that the most important morphological 
features that can be used for specific differentiation of polygnathids are:-
a. Overall shape of the platform.
b. Type and pattern of oral ornamentation.
c. Length and outline of the anterior free blade.
d. Nature of the aboral side, including the size, position and shape 
of the basal cavity.
Furthermore, Rexroad and Scott remark that polygnathids are extremely 
variable in form and many species have been erected. Minor differences in 
the four categories listed above should not be considered taxonomically 
significant, but study should rather be made of the stratigraphic distribution 
and changes which occur in the faunal succession.
The 'Polygnathus communis1 group
Polygnathus communis was originally described by Branson & Mehl (1934b)
from the Bushberg Sandstone of North America. Hass (1959 P-390-39T)
c omnium in addition todistinguished two subspecies of Polygnathus 
P. c ommunl s s.s. , which he named Polygnathus c ommuni s bi fur cat a and 
Polygnathus communis carina. The diagnostic feature of P. communis 
oifurcata was the development of a secondary carina at the posterior end 
of the outer platform .and a corresponding secondary keel on the aboral surface. 
The diagnostic feature of P. communis carina was the development of a noded 
ridge on either side of the anterior platform, running from the point where 
the anterior blade met the carina, to the -anterior margin of the platform.
Hass (1059) orientated polygnathids with the blade as posterior, however, 
most workers orientate this genus in the opposite direction.
Rexroad and Scott (196’+) renamed Polygnathus communis s.s. Branson and 
Mehl, Polygnathus communis communis, in order to clarify its taxonomic 
status. Their diagnosis of the subspecies Polygnathus communis carina is 
more flexible than that of Hass, as they include forms which display nodose 
ornamentation on the anterior portion of the platform regardless of precise 
trend of the nodes.
Bischoff (1956) distinguished Polygnathus glabra from Polygnathus communis 
on the basis of the shape of the platform and the thick-lipped, rounded, basal 
cavity in Polygnathus communis. Freyer (1961) reported transitional stages 
in the basal cavity between P. glabra amid P. communis. The only reliable
distinction between these two species is considered to be the presence of a 
depressed area immediately posterior to the basal cavity in P. communis.
Polygnathus adola Cooper, was reported from the PiIton Beds by Dineley, 
however, this is considered as synonymous with Polygnathus communis communis.
Diagnosis.
The species Polygnathus, communis Branson & Mehl is characterised by a
s m a l l  la n c e o la t o ?  p l a t f o r m  a n d  a  n o d o s e  c a r i n a  w h ic h  m a y  b i f u r c a t e  p o s t e r i o r l y .  
T h e  p l a t f o r m  i s  e i t h e r  s m o o th  o r  o r n a m e n t e d  o n l y  a t  t h e  a n t e r i o r  e n d  b y  s h o r t  
r i d g e s .  T h e  a b o r a l  s u r f a c e  h a s  a  r a i s e d  k e e l  w h i c h  b i f u r c a t e s  p o s t e r i o r l y  
w h om  t h e  c a r i n a  b i f u r c a t e s  o n  t h e  o r a l  s u r f a c e .  T h e  b a s a l  c a v i t y  i s  s m a l l  
a n d  s u b c i r c u l a r ,  a n d  t h a t  p o r t i o n  o f  t h e  k e e l  i m m e d i a t e l y  p o s t e r i o r  t o  the 
c a v i  try ' i s  d e p r e s s e d  a n d  f l a t t e n e d .
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P o l y g n a t h u s  communis c a r i n a  K a s s ,  1959 
( P i . 9 , f i  g s . l a - c )
1956 Polypriat hu s communis Branson & Meh i:  H ass; p i . 2 5 (non
p i . 2 , f i g s . 2 
c ommuni s ).
>3, -- P. communi s
1959 Polygnat hu 3 c ri’* s Sir son cc Meh i;  c a rn ia  H ass, n. van. p .3 9 1 3
p i.V b , fid'sj. - « , 5 — 0 .0 . 8 0 •
1959 Polygnathus c f .  s ty r ia c a  ( Z ie g le r ): Voges; p.2.94, p i . 84, f i g s . 36-
196)4 Polygnathu s communis c a r in a  Iia ss : Rexroad & S c o tt; P -3 4 , p i . 2,
f i g s . 24- 2 5 .
1967 Poiygnathus communis c a r in a  H ass: Boogaert; p i. 2 , f i g s . 3 ,4 .
1969 Polygnathus communis ca rin u s  Hass : Druce; p . 9 5 , P i . 1 8 , f i g s . i 2a -c
D i a g n o s i s .
A p o l y g n a t h i d  w i t h  t h e  d e v e lo p m e n t  o f  a  r i d g e ,  w h i c h  m a y  o r  m a y  n o t  b e  
n o d o s e ,  on o n e  o r  b o t h  s i d e s  o f  t h e  p l a t f o r m  at t h e  a n t e r i o r  e n d .  P l a t f o r m
otherw ise s m o o th ,  a p a r t  from a  n o d o s e  c a r i n a .
D e s c r i p t i o n .
O r a l l y  t h e  p l a t f o r m  i s  u n o r n a m e n t e d  e x c e p t  f o r  a. n o d o s e  c a r i n a  a n d  t h e  
d e v e lo p m e n t  o f  a short, but w e l l  d e f i n e d ,  r i d g e  a t  t h e  a n t e r i o r  e n d .  In a l l
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s p e c im e n s  t h e  r i d g e  i s  o n l y  o b v i o u s  o n  o n e  s i d e  o f  t h e  p l a t f o r m .  I t  i s  
d e v e lo p e d  o n  t h e  i n n e r  s i d e  o f  t h e  p l a t f o r m  o f  r i g h t  f o r m s  a n d  o n  t h e  o u t e r  
side o f  l e f t  f o r m s ,  a n d  i n  t h i s  sence t h e  s u b s p e c ie s  i s  b i l a t e r a l l y  
asymmetrical. The l e n g t h  o f  the r i d g e  i s  approximately y  o f  the t o t a l  
l e n g t h  of t h e  p l a t f o r m  and r a m s  diagonally t o w a r d  t h e  c a r i n a  f r o m  t h e  a n t e r i o r  
e d g e  of t h e  p l a t f o r m .  A  corresponding diagonal trough o c c u r s  b e t w e e n  t h e  
r i d g e  a n d  the? c a r i n a .
The overall shape of t h e  platform is l a n c e o l a t e ,  tapering a n t e r i o r l y  
a n d  p o s t e r i o r l y ,  t h e  p o s t e r i o r  m a r g in  m a y  b e  s h a r p l y  p o i n t e d  o r  b l u n t l y  
rounded. T h e  c a r i n a  m a y  r u n  t h e  w h o le  l e n g t h  of t h e  p l a t f o r m  or s t o p  
a b r u p t l y ,  p a s t  s h o r t  o f  t h e  p o s t e r i o r  t i p .  I t  i s  c o m p o s e d , o f  6 -..L 1  n o d e s  
w h i c h  b e c o m e  s m a l l e r  p o s t e r i o r l y .  I n v a r i a b l y  t h e  c a r i n a  c u r v e d ,  a n d  t h i s  
f e a t u r e  is u s e d  to d i s t i n g u i s h  r i g h t  and l e f t  f o r m s .  E i t h e r  s i d e  o f  the 
c a r i n a ,  throughout i t s  e n t i r e  length, there is a  distinct trough, and o n  
t h a t  s i d e  o f  t h e  p l a t f o r m  w h ic h  b e a r s  t h e  a n t e r i o r  r i d g e ,  t h e  t r o u g h  o p e n s  
o u t  a t  t h e  a n t e r i o r  end. o f  t h e  p l a t f o r m  w h e r e  i t  c o a l e s c e s  w i t h  t h e  diagonal 
t r o u g h  o n  t h e  i n s i d e  of t h e  r i d g e .
T h e  a n t e r i o r  b l a d e  w h ic h  p r o j e c t s  f r o m  t h e  p l a t f o r m  w a s  c o m p l e t e l y  o r  
partially b r o k e n  i n  a l l  s p e c im e n s  o f  t h i s  s u b s p e c ie s  r e c o v e r e d  f r o m  t h e  
P i l t o n  B e d s .  P o s t e r i o r l y  t h e  b l a d e  m e r g e s  i n t o  t h e  c a r i n a .
A b  o r  a l l y  t h e  u n i t  b e a r s  a  k e e l  w h ic h  c o r r e s p o n d s  t o  t h e  a n t e r i o r  b l a d e  
a n d  c a r i n a  o f  t h e  o r a l  s u r f a c e .  A  s m a l l  s u b c i r c u l a r  b a s a l  c a v i t y  i s  
located j u s t  p o s t e r i o r  t o  t h e  j u n c t i o n  o f  t h e  b l a d e  a n d  t h e  p l a t f o r m .  
I m m e d i a t e l y  p o s t e r i o r  t o  t h e  c a v i t y  t h e  k e e l  i s  d e p r e s s e d  and. f l a t t e n e d ,  a n d  
t h i s  d e p r e s s i o n  i s  a m o r e  p r o m i n e n t  a b o r a l  f e a t u r e  than the cavity i t s e l f .
L a t e r a l l y  t h e  c a r i n a  is h i d d e n  f r o m  v i e w  b y  t h e  h i g h e r  l a t e r a l  platforms.
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T h e  a n t e r i o r  r i d g e  i s  t h e  h i g h e s t  t o p o g r a p h i c  p o i n t  on  t h e  p l a t f o r m ,  a n d  t h e  
a n t e r i o r  b l a d e  a t t a i n s  a p p r o x i m a t e l y  t w i c e  t h e  h e i g h t  o f  this ridge. T h e  
a b o r a l  e d g e  o f  t h e s e  f o r m s  i s  d i s t i n c t l y  arched t o  a l m o s t  s t r a i g h t  i n  l a t e r a l  
v i e w ,  o u t  the o r a l  e d g e  i s  always s t r a i g h t ,  i n c r e a s i n g  v e r y  g r a d u a l l y  i n  
e l e v a t i o n  f r o m  p o s t e r i o r  t o  a n t e r i o r .  S p e c im e n s  d i s p l a y i n g  a n  a r c h e d  m a r g i n  
a r e  c o n c a v e  b e n e a t h  t h e  p l a t f o r m  a n d  s l i g h t l y  c o n v e x  b e n e a t h  t h e  a n t e r i o r  
b l a d e .
R e m a r k s .
H a s s 's  ( - 1 9 5 9 )  o r i g i n a l  d i a g n o s i s  o f  t h i s  s u b s p e c ie s  s t a t e d  t h a t  i t  h a d  
a noded r i d g e  d e v e lo p e d  o n  e a c h  s i d e  o f  t h e  p l a t f o r m ,  Rexroad a n d  S c o t t  ( l 9 9 u )  
s t a t e d  t h a t  i t  w a s  c h a r a c t e r i s e d  b y  n o d o s e  ornamentation,  w h i l e  B o o g a e r t  
( 19 6 7 ) d i a g n o s e d  t w o  o r  m o r e  n o d o s e  r i d g e s .  T h u s  o v e r  t h e  y e a r s  t h e  d i a g n o s i  
of P. e o m m u n is  c a r i n a  has b e e n  e x p a n d e d  t o  incorporate t h o s e  f o r m s  w i t h  m o r e  
t h a n  t w o  nodose r i d g e s ,  t h o s e  w i t h  a distinct nodose ridge o n  o n l y  one s i d e  of 
t h e  p l a t f o r m ,  a n d  t h o s e  w i t h  i r r e g u l a r l y  a r r a n g e d  n o d e s .  T h e  s p e c im e n s  f r o m  
t h e  L o w e r  Pilton B e d s ,  w h i c h  h a v e  b e e n  i n c l u d e d  i n  t h i s  s u b s p e c i e s ,  b e a r  
r i d g e s  w h ic h  a r e  n o t  n o d o s e  b u t  s m o o th ,  y e t  i n  a i l  o t h e r  r e s p e c t s  t h e y  a r e  
identical t o  P .  c o m m u n is  c a r i n a . In t h e  p r e s e n t  s t u d y  t h e  diagnosis h a s  
b e e n  e x p a n d e d  o n c e  a g a i n  t o  i n c l u d e  forms w h i c h  d e v e lo p  r i d g e s ,  w h i c h  m a y  o r  
m a y  n o t  b e  n o d o s e .
M a te ria l stud ied . 9 specimens
Qc cu rr ence. PB.h -  PB.13
Catalogue numbers o f f ig u re d  specim ens. JW.19 1  -  193
P o l y g n a t  h u e  c o m m u n is  c o m m u n i s B r a n s o n  &  M e h i ,  193,4 
(PI.9, f i g s . 4 a - 1 2 e ,  p i . 10, figs.la-2c)
1 9 3 4 P o l y g n a t h u s  c o m m u n is B r a n s o n
1 9 3 4 P o l y g n a t h u 3 c o m m u n i s B r a n  s o n
1 9 3 8 P o l y g n a t h u s  c  o m m u n i s B r a n s o n
1 9 3 9 P o l v a n a t h u  s c  o m m u n i s B r a n s o n
1947 P o l y g n a t h u s  c o m m u n i s B r a n s o n
1949 P o l y g n a t h u s  c o m m u n is B r a n s o n
i q 4 q P o l y g n a t h u s  c o m m u n i s B r a n s o n
1951 P o l y g n a t h u 3 c o m m u n i s B r a n s o n
1951 P o l y g n a l h u  s c o m m u n i s Brass, s o n
1956 P o l y g n a t h u s  c o m m u n is B r a n s o n
1956 P o l y g n a t h u  s c o.m m uni s B r a n s o n
1 9 5 7 Polygnathus c  o m m u n i s B r a n s o n
1957 P o l y g n a t h u s  c o m m u n is B r a n s o n
1959 P o l y g n  a t  h u  s c  om m un i  s B r a n s o n
1 9 5 9 P o l y g n a t h u s  c o m m u n i s B r a n s o n
i 960 P o l y g n a t h u  s c  o m m u n i s B r a n s o n
1961 P o l y g n a t h u  s c  o m m u n i s B r a n s o n
1962 P o l y g n a t h u s  c o m m u n is B r a n s o n
1 9 6 4 P o l y g n a t h u  0 c  o rn m u n i s B r a n s o n
&  M e h l ; P . 2 9 3 ,  p l . 2 4 ,  f i g s . 1 - 4 .
&  M e h l : E . R .  B r a n s o n ;  p . P 0 8 ,  p l . 2 5
f i g . 5 , 6 .
&  M e h l : B r a n s o n  7c M e h l ;  p . l 4 5 ,  p l / l
fS  ?T c... -- £3 > ■ • 3 9 - 4 1 .
&  M e h l : C o o p e r ;  p . 3 9 9 ,  p l . 3 9 ,
f i g s . 1 , 2 , 9 , 1 0 , 2 3 , 24 .
&  M e h l : M e h l  &  T h o m a s ;  p . 1 5 , p l . I ,
f i g . 3 6 .
&  M e h l : Y o u n g q u i s t  &  P a t t e r s o n :
p .  62 T) 3 1 0 -f*n (y 0 r7 P,
&  M e h l : T h o m a  s ; p . 6>0, p l . 3 , i ' i  g . 3 7
& M e h l : Y o u n g o u i s t  &  D o w n s ;  p . 7 8 7 ,
P l . 3 , f i g s . 4 , 5 , 1 9 , 2 0 .
&  M e h l : H a s s ;  p . 3 5 ,  pl.I, f i g . 1 0 .
1  M e h l : B i s c h o f f  &  Z i e g l e r ;  p . 1 5 6 ,
pi.12, figs.1-3.
& Mehl: H ass; p .2 8 6 , p i . 2, f i g s . 2 -3 ,  
(non PI.2, f i g s .4-5, = P. communis 
c a r in a )
& Mehl: B is c h o ff ;  p .4 2 , p i . 2,
f ig s .23-27.
& Mehl: Fluge! & Ziegler; p.46, pl.2, 
f i g . 1 5 .
& Mehl: H ass; p .3 9 0 , p l .4 9 ,  f i g s . 9 -1 1 ,
& Mehi: Voges; p . 288, p l3 4 , f i g s . 1 - 7 .
& Mehl: Z ie g le r ; p l . I ,  f i g . 9-
& Mehl:
f i g
S co tt & 
s . 6- 1 0 , p i
C o llin s o n ; p .130, p l . I  
.2 ,  f i g . 3 0 .
& Mehl: Z ie g le r ; p . 8 7 .
& Mehi: H ig g in s , Wagner-Genti s  and
W a g ner ; pi.5 , fig•30.
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1966 P o l y g n a t h u s  c o n im u n is  Branson & M e h l ;  Klapper; p.21, pi.6, figs.6-11
196b  P o l y g n a t h u s  comrnu.n 1 s B r a n s o n  &  M e h l :  A n d e r s o n ;  p . 4 l l .
1967 P o l y g n a t h u s  c o m m u n is  B r a n s o n  &  M e h l ;  W o ls k a ;  pj+ll, p l . l 7 ,
f i g s .  1 , 2 a - b .
1 9 3 9  P o l y g n a t h u s  a d o l a  C o o p e r ,  p . 3 9 9 ?  pi.3 9 ?  f i g s . 3 3 - 3 6 .
1 9 6 9  P o l y g n a t h u s  c o m m u n is  c o m m u n is  B r a n s o n  &  M e h l :  R e x r o a d  &  S c o t t ;  p .  3 3  ?
_ 1- ,  ' p i .  2 ,  f i g s .  1 7 , 1 0 .
1967 P o l y g n a t h u s  c o m m u n is  c o m m u n is  B r a n s o n  &  M e h l :  B o o g a e r t ;  p . 18 3 ? pi.2
"  “  “  f i g .  3 7 .
D i a g n o s i s .
T h e  o r a l  s u r f a c e  o f  t h i s  s u b s p e c ie s  displays a  c e n t r a l  n o d o s ,e c a r i n a  a n d  
i s  o t h e r w i s e  u n o r n a m e n t e d .
D e s c r i p t i o n .
T h e  p l a t f o r m  i s  l a n c e o l a t e ,  t a p e r e d  p o s t e r i o r l y ,  a n d  o r n a m e n t e d  b y  a  
m e d i a l  c a r i n a .  In som e specimens t h e  c a r i n a  i s  d i s t i n c t l y  n o d o s e  t h r o u g h o u t  
its l e n g t h ,  b u t  t h e  m a j o r i t y  of s p e c im e n s  d i s p l a y  a  c a r i n a  which is nodose 
only i n  its m i d - t h i r d ,  t h e  n o d e s  of t h e  anterior a n d  posterior t h i r d s  being 
fused f o r m i n g  a n  u n e v e n  ridge. T h e  carina b e c o m e s  l o w e r  and thinner t o w a r d  
the p o s t e r i o r  m a r g in  o f  t h e  p l a t f o r m ,  w h ic h  m a y  be s h a r p l y  pointed or bluntly 
r o u n d e d .  T h e  c a r i n a  i t s e l f  m a y  o r  m a y  n o t  r e a c h  t h e  p o s t e r i o r  e x t r e m i t y .
T h e  a n t e r i o r  end of the c a r i n a  m e r g e s  f e a t u r e l e s s l y  into the anterior b l a d e  
w h i c h  i s  a s  l o n g  a s  t h e  p i s i f o r m .  A  f e w  s p e c im e n s  e x h i b i t  a n  e v e n  l o n g e r  
b l a d e .  T h e  9 - 1 2  d e n t i c l e s  o f  t h e  b l a d e  a r e  d i s c r e t e  o n l y  a t  t h e i r  t i p s .
T h e  s m o o th  l a t e r a l  m a r g i n s  o f  t h e  p l a t f o r m  a r e  u p t u r n e d  w i t h  t h e  r e s u l t  t h a t  
t h e r e  a r e  2  d i s t i n c t  f u r r o w s  r u n n i n g  e i t h e r  s i d e  o f  t h e  c a r i n a .  A b o r a l l y  
t h i s  s u b s p e c ie s ,  i s  i d e n t i c a l  t o  P o l y g n a t h u s  c o m m u n is  c a r i n a . L a t e r a l l y  
t h e s e  s p e c im e n s  a r e  a l s o  i d e n t i c a l  t o  P o l y g n a t h u s  c o m m u n is  c a r i n a , e x c e p t  
t h a t  t h e r e  a r e  n o  r i d g e s  o n  t h e  a n t e r i o r  p o r t i o n  o f  t h e  p l a t f o r m .
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Remarks.
T h i s  s a b  s p e c i e s  I s  b y  f a r  t h e  m o s t  co m m o n  f o r m  o f  Polygnathus i n  t h e  
P i . l t o n  B e d s .  T h e  s h a p e  o f  t h e  p l a t f o r m  h a s  b e e n  d e s c r i b e d  i n  g e n e r a l  t e r m s  
as l a n c e o l a t e ,  b u t ,  t h e  p l a t f o r m  outline s h o w s  c e r t a i n  v a r i a t i o n s  such as 
i n d e n t a t i o n s  a n d  t h i c k e n e d  m a r g in s .  Som e s p e c im e n s  d i s p l a y  p o s t e r i o r  
m a r g in s  w h i c h  a r e  s h a r p l y  p o i n t e d ,  w h e r e a s  o t h e r s  a r e  b l u n t l y  r o u n d e d  i n  t h i s  
r e g i o n .  R exroad &  S c o t t  ( 1966 ) h a v e  s u g g e s t e d  t h a t  f u t u r e  s t u d i e s  o n  t h e
p o s t e r i o r  p l a t f o r m  o u t l i n e  m a y  b e  u s e f u l  i n  f u r t h e r  t a x o n o m i c  r e f i n e m e n t .
P o l y  g n a t  h u  s c o m m u n is , c o m m u n is  s p e c im e n s ,  d i s p l a y i n g  b o t h  s h a r p l y  p o i n t e d  a n d  
bluntly r o u n d e d  p o s t e r i o r  p l a t f o r m  m a r g i n s ,  a r e  com m o n  i n  a l l  h o r i z o n s  
b e a r i n g  t h i s  s u b s p e c ie s  i n  t h e  U p p e r  B a g g y  a n d  P i l t o n  B e d s .  A  p l o t  o f  t h e  
r a t i o  o f  b o t h  v a r i a t i o n s ,  f r o m  eleven h o r i z o n s  w h e r e  P .  c o m m u n is  c o m m u n is  
w a s  p a r t i c u l a r l y  a b u n d a n t ,  w a s  m a d e  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e  r a t i o s  
t h e m s e lv e s  m i g h t  b e  utilized as zonal t o o l s .  T h e  r a t i o s  arc e x p r e s s e d  as
a  p e r c e n t a g e  o f  t h e  t o t a l  P . c o m m .u n is  commu n i s  p o p u l a t i o n  i n  e a c h  h o r i z o n ,  
( s e e  Figure 52 ). T h e  r e s u l t s  o f  t h i s  p l o t  d i d  n o t  p r o v e  t o  b e  p a r t i c u l a r l y  
u s e f u l .  I n  t h e  l o w e r  h o r i z o n s  t h o s e  f o r m s  w i t h  p o i n t e d  p o s t e r i o r  p l a t f o r m s ,  
w e r e  m o r e  abundant. H i g h e r  i n  t h e  s u c c e s s i o n  t h e  d i s t r i b u t i o n  o f  t h e  t w o  
v a r i a t i o n s  b e c o m e s  m o r e  o r  l e s s  e q u a l  w h i l e  h i g h e r  i n  t h e  s u c c e s s i o n  t h e  
d o m in a n c e  o f  p o i n t e d  f o r m s  r e c u r s .
M a t e r i a l  s t u d i e d .  3 8 4  s p e c im e n s
Occurrence. PB.--4 - F . 8
































£_ PLQI OF THE. RAT.C OF POSTERIORLY 
POINTED AND POSTERIORLY ROUNDED
FORMS OF POLYGNATHUS COMMUNIS 
COMMUNIS FROM ELEVEN PILTON BED 
HORIZONS.
0 fo rm s w ith  pointed p o s te rio r margins 











T h e  " P o l y g n a t h u s  I n o r . n a t a "  g r o u p
R e x r o a d  and S c o t t  ( 1 9 5 ’- )  reported t h a t  P o l y g n a t h u s  i n o r n a t u s  was a 
remarkably v a r i e d  s p e c i e s  a n d  t h a t  som e o f  t h e i r  s p e c im e n s  w e r e  t r a n s i t i o n a l  
w i t h  P . l o b a t u s .  T h e  t r a n s i t i o n  b e t w e e n  t h e s e  t w o  s p e c ie s  w a s  a l s o  n o t e d  
by R h o d e s ,  A u s t i n  A Druce ( 1969 ) •  B o t h  P. I n o r n a t u s  a n d  P. l o b a t u s  are
CO/! s i d e r e d  v : i i . i d  s p e c ip . ; ;  b y  m o s t  w o r k e r s ,  a n d  n e i t h e r  o f  t h e  p u b l i c a t i o n s ,
c  i t e d  a b o v e , y* P 0 QlnJI p n.d  t h e  s u p p r e s s io n o f  P .  l o b a t u s  o n  t h e  g r o u n d s  t h a t  A
m a y b e  b a s e d O P clT' t i f i c i a l  d i s t i n c t i o n .
.R h o d e s , A u s t i n  Sc D r u s e  e r e c t e d  o w e n e w  s u b s p e c ie s  i n  a d d i t i o n  t o
P . i n o r n a t u s ri c p p  ■n e l v .  P .  i n o r n a t u s r o s t r a t u s  a n d  P . i n o r n a t u s  v e x a . t u s
mv, p f o r m e r  i cl-. CO i  0-0)u i s h e d  b y  t h e  d e v e lo p m e n t  o f  a  r o s t r a l  r i d g e  a t  t h e
a n te r io r  end o f the inner p latform  m argin. T h is  r e s u lt s  from a tendency  
fo r  t h is  p a rr o f the p latform  margin to  move toward the a n te r io r  b lad e, the 
p o s te r io r  p a rt o f the same side  of the p la tfo rm  becoming lo b a te . P. in 0.rna.tu3 
vexatus is c h a ra c te r ise d  by a more lanceolate p la tfo rm  and a longer fre e  
blade.
Polygnathus inornatu s in o rn atu s Branson & Mehl, 193'l 
( P l . l l ,  f ig s .G a - 8c)
193)4 Polygnathus in o rn ata  Branson & Mehl; p .29 3, p i . 2/, f i g s . 5-7 .
1934 Polygnathus in o rn ata  Branson & Mehl: E .R . Branson; p .30 9, p i . 25,
f i g s . 6 , 26 .
1938 Polygnathus in o rn ata  Branson & Mehl: Branson & Mehl; p . 132,146,
p l . 3 1! , f i g .  37-
non 1939 Polygnathus in o rn a ta  Branson & Mehl: Cooper; p./OO, p i . 39? f ig s .
1 1 ,1 2 .(=P. in o rn a ta  r o s t r a t a ) .
1967
1969
1988 Polygnathus inornate Branson
1989 Polygnathus inornate Branson
pqhc Polygr;a.thus in o rn ate Branson
1951 P 01 j gn at hu s i  n or n at a Branson
non .1956 Polygnathus inornate Branson
1956 P 01 v gna.thu s in 0r  n&t a. Branson
non 1957 Po ly  gn at hu s i  n or n at a Branson
1957 Polygnathus inornate Branson
non 1958 Polygnathu s in ornat a Branson
1959 Polygnathus in o rn ata Branson
non 1968 Polygnathus in o rn ata Branson
1968 Polygnathu s in o rn ata Branson
1966 Polygnathu s in o rn at a Branson
p l - 17, f i g s . 9 ,5 ,9 ,1 3 .
figs.1 7,18.
Mil: Bischoff and Ziegler; p.157, 
pl.12, figs.8,5- (-P.flabella)
18,20,21. (=P. la c in a t a  la c in a t a ) .
f i g . 6 .
f i g s . 2 ,3 .
1 6 . (non P i.  3 8 , f i g s .  17-20  
P. la c in a t a  la o in a t a ).
eh l: H ig g in s ,  W agner-Gentis & Wagner 
p l . 5 ,  f i g . 29 . (= P . la c in a t a  la c in a t a )
e lil: Rexroad & S c o tt; p .3 5 , p l . 2 ,
f i g s . 1 9 , 20 .
9 , 1 0 ; p l . 8 , f i g s . 2 , 8 . (non p l . l ,
f i g s . 1 1 - 1 8 ; p i ( 8 , f i g . 3 = P. c f .
in o rn a ta  r o c t r a t a ) .
Polygnathus in o rn a ta  Branson & Mehl; Boogaert; p . l 8 8 , p l . 2 ,  f ig s .
—  3 9 , 8 0 .
Polygnathus in o rn atu s in o rn atu s Branson & Mehl: Rhodes, A u stin  &
- Druee; p . l 86 , p l . iO ,  f i g s . 8a - 6c.
D ia g n o s is .
La n ce o la te , d is p la y in g  a short h igh  b lade and a s t r a ig h t  to  s tro n g ly  
curved c a r in a . The p o s te r io r  p a rt o f the p la tfo rm  i s  f a i r l y  f l a t ,  but 
a n t e r io r ly  i t  bears deep troughs because the p la tfo rm  m argins are stro n g ly  
upturned. The amount o f u p tu rn in g  on e ith e r  s id e  o f the p la tfo rm  i s
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t y p ic a l ly  unequal. The p la tfo rm
v a r ia b le ,  and the banal c a v ity  i s  
l ip s .
ornamentation and o u tlin e  are extrem ely  
s m a ll, s u b c ir c u la r , and may have prominent
D e s c r ip tio n .
The a n te r io r  third o f the p la tfo rm  bears deep troughs on e ith e r  sid e  o f  
the c a r in a . due to the marked u p tu rn in g o f the m argins o f the p latform  in  t h is  
v i c i n i t y .  In  the m id -th ird  the eiovauion o f the upturned m argins becomes 
le s s  pronounced u n t i l  the p latform  i s  almost f l a t  in  the p o s te r io r  t h ir d .
O ra l ornamentation c o n s is ts  o f tra n sve rse  r ib s  which term inate  on the p latform  
edge as low nodes. The stre n gth  o f the r ib b in g  i s  extrem ely v a r ia b le .  The 
c a r in a  i s  nodose and may be s t ra ig h t  to  s tro n g ly  carved. I t  passes  
a n t e r io r ly  In to  the short fre e  b la d e , and term inates as a po in t at the  
p o s te r io r  end o f the p latform . The whole u n it  i s  sub-sym m etrical and i s  
commonly arched in  la t e r a l  view.
A b o ra lly  the subspecies i s  keeled and bears a sm a ll, s u b c irc u la r  b a sa l 
c a v it y  which i s  lo ca te d  .lust p o s te r io r  to  the ju n c t io n  o f the a n te r io r  blade  
and the c a r in a . The c a v it y  may d is p la y  th ickened  l ip s .
Remarks.
Only a very lim ite d  number o f form s, a ssign e d  to  t h is  su b sp e cie s, were 
recovered from the P ilt o n  Beds, and the specimens in vo lv e d  e x h ib ite d  a great  
deal, cd’ v a r ia t io n  in  both p la tfo rm  ornament and o u t lin e . One specimen 
( P l . l l ,  f i g . 6a ,b . )  i s  more elongate than the re s t  and probably should be 
considered  as an example o f the subspecies P. in o rn a tu s v e x a tu s . Another 
specimen ( P l . l l ,  f i g . 7 a - c . )  d is p la y s  a carina which bifurcates at the  
p o s te r io r  end o f the p latfo rm . T h is  may be considered by many authors as 
re p re se n ta t iv e  o f another new subspecies o f P. tnornatus however, no 
co n c lu sio n s  may be drawn from the present study as only a s ln g ln  specImen
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shows t h is  fe a tu re .
M a te ria l stud ied . t  specimens
0 c c u r  r  en c e . ? E .35  -  1 .8
C a t a lo g u e  .n u m b e rs  o f  t h e  f  1 g u r e d  s p e c im e n s . JW. 218 -  J W . 2 2 0
Polygnathus la c in a t u s  Huddle, 193^
Shodes, A u stin  & Dru.ce (1969? P-385) stated  th a t they regarded  
P. la c in a t u s  Huddle as a. separate and v a r ia b le  sp e cie s  m  i t s  own r ig h t .
They m aintained th a t the nature o f the b a sa l c a v it y  o f P. ia c in a t u s  served  
to  d is t in g u is h  i t  in  t h is  re sp e ct. P r io r  to t h i s ,  Kexroad A Sco tt ( 1968-, 
p .3 5 ) had in clu d e d  P. s a g it t a r ia  Young,quiet & P a tte rso n , a ¿union synonym o f  
P. la c in a t u s  w ith in  the species P. m ornatus Branson & Mehl.
Huddle (1938) in it ia t e d  the sp e cie s  P. la c in a t u s  fo r  c e r ta in  polygnathids 
w ith  a lanceolate p la tfo rm  and an elo n gate , excavated b a sa l c a v it y .  T h is  
sp e cie s  was id e n t if ie d  by Cooper (1939) ’out Youngquist and v a r io u s  co -au th o rs  
( l 9]49m 1950 & 1951) re fe rre d  these forms to  a new sp e cie s  P. Sagittarius 
Youngquist ce P a tte rso n .
In  a d d itio n  to Bexroad & Sco tt ( 1964) ,  German workers have included  
P. la c  in a tu  s synonymy w ith P. in o rn atu  s .
The id e n t if ic a t io n  o f P. la c in a t u s  in  the P i l t c n  Beds, in v o lv e s  the  
downward extension o f the range o f t h is  sp e c ie s , which was thought p re v io u s ly  
to  be r e s t r ic t e d  to  beds o f Cullf i f i age in  Europe.
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Rhodes, A u stin  & Druce ( 1969) re co gn ise d  four subspecies o f P. la c in a t u s
in c lu d in g  P. la c in a tu s  s . s .  The sp e cie s  d is p la y s  a b a sa l c a v it y  which i s  
q u ite  d if fe r e n t  from th a t which t y p if ie s  t h is  genus as a whole. I t  i s  
rem in iscen t o f the c a v it y  o f Pseudopolygnathu,s, but i t s  sym m etrical and 
p o s t e r io r ly  t-apored. outline, together w ith  the p o lygn a th id  nature o f the  
o ra l su rfa c e , serve no d is t in g u is h  t h is  form from Ps eudopolygnat hu s .
The th ree  subspecies e re cte d , in  -addition to P. la c  in a tu  s la c in a tu s  
a r e :-  P. la c in a tu s  asyrnmetrlcus Rhodes, A u stin  & Truce  ( 1969 , P i . X I ,  
f i g s . la.-ij-c) which i s  charaeT-erisea oy a re d u ctio n  o f the p o s te r io r  p a rt o f  
the in n e r u latfo rm  w hich, -as a r e s u lt ,  does not extend to  the p o s te r io r  end
. -) r * Vi rs
P. la c in a tu s  c irc a p e rip h e ru s  Rhodes, Austen & Truce  (.1969. P I . X I ,  
f ig s .  12a -1 5c ) d is p la y s  a p o ste rio r  p latfo rm  edge which i s  wrapped around the  
c a r in a , trie e a rin a  not re a ch in g  the p o s te r io r  end o 1 the u n it .
P. la c  in a tu  .s pr elob atu s Rhodes, A u stin  & Druce ( 1969 , P I . X I ,  f ig s .5 a -7 b ,  
I l a - c )  i s  c h a ra c te r is e d  by a m o d ifica tio n  o f the in n e r p o s te r io r  p la tfo rm  m argin  
which tends to be produced as a lo b e , narrow ing r a p id ly  toward the p o s te r io r  
t  erm inat i  on.
From the P ilt o n  fauna, on ly  specimens o f p. la c in a t u s  la c in a t u s  were 
recovered, a lthough a few forms showed a tendency toward the development 
o f the fe a tu re s  c h a r a c t e r is t ic  o f P. la c in a t u s  asymme t r 1c u s .
Polygnathus la c in a t u s  la c in a t u s  Huddle, 193 +̂
(p i.  1 0 , f ig s - . 3 -a -  8c)
p l . 8 , f i g s . 1 -3 .193)4 Polygnathus la c in a ta  Huddle; p .9 5 ,
1939 P o ly  gnat hue la c  in  at a Huddle: Cooper; p.9-01, p l. l j - O ,  f i g s . 3 , ^ .
9)4 0 Polygnathus s a g it t  nr in. Youngqui st & P a tte rso n ; p . 66 , p l .1 3 ,  f i g s . 9 ,10
1950 Polygn athu s a f f .  Polygnathus sa g i t t a r ia  Youngquist & P atterso n :
Yo u n gq u ist, M ille r  & Downs; p . 527, 
p l.o Y ,  f ig s .2 - 4 .
1931 Poivrnaohas s a v it t a r in  Youngqui st & P a tte rso n : Youngquist & Downs;
p . 78 8 , p i . 3 , f i g s . 7 - 9 .
1959 Poiygnatrvus inornate. Branson & Mchl: Voges; p . 291, p i . 3^-, f i g s . 17-70,
(non p i .3 9 , f i g s .17-19 -  P. in o rn ata
1969 Polygnathus la e in a tu s  la c in a tu s  Huddle: Rhodes, A u stin  & Druce;
' p .lP '9 , P l-3 < I, f i g s . 8a-10c .
Dlag.n.osi_s.
lanceoiat'- u c lv g n u th id s  w ith  a marked lo n g ! it u d in a l extent ion o f the  
l in o  o f the b a sa l c a v it y ,  which i s  often over h a lf  the le n g th  o f the p la tfo rm .
Do s c r ip t io n .
The p la tfo rm  i s  la n c e o la te , two to  three  tim es as lo n g  as wide, 
narrow ing toward the p o s te r io r . The fre e  blade i s  approxim ately one t h ir d  
o f the le n gth  o f the p latform .
O r a lly ,  the p la tfo rm  i s  ornamented by a stro n g c a r in a , which may be 
almost s t r a ig h t  to  stro n g ly  curved. Often the c a r in a  extends beyond the  
p latfo rm  as a short p o s te r io r  b lade; the c a r in a l  nodes are s l ig h t ly  la r g e r  in  
t h is  re g io n . An unornamented trough runs on e ith e r  s id e  o f  the c a r in a , and 
i s  accentuated, p a r t ic u la r ly  at the a n te r io r  end o f the p la tfo rm , by the  
s t ro n g !/ upturned ol,atform m argins. The outer m argin o f  the p latform  
commonly a tta in s  a h igh e r e le v a tio n  than the in n e r. The p latfo rm  i t s e l f  i s  
ornamented by tra n sv e rse  r id g e s  which term inate  in  d e n t ic le s  on the p latform  
m argins, g iv in g  the u n it  a cre n u la te  la t e r a l  o u t lin e . The nature o f the  
p latform  ornament v a r ie s  co n s id e ra b ly , as does the o u t lin e  o f the p latform  
The o u t lin e  mav be almost s t r a ig h t ,  convex, s l i g h t ly  lobed oras a whole.
n e ar l y  c on c av e .
L a t e r a l ly ,  the aboral edge o f the a n te r io r  blo.de i s  s t r a ig h t ,  w h ile  the  
p latform  i s  arched. The a n te r io r  blade is h ig h , consisting o f s ix  to  eight 
d e n t ic le s  which are d is c re te  on ly  at t h e ir  t ip s .  They are h ig h e st oust 
anterior o f m id -le n g th , d e cre asin g  r e g u la r ly  in h e igh t toward t h e ir  fu n ctio n  
w ith the p la tfo rm  and the anterior edge. The e a r in a l nodes are almost 
t o t a l ly  fused, form ing an. ir r e g u la r  r id g e , b u t, those forms w ith  a short 
p o s te r io r  blade d is p la y  la r g e r ,  more d is c re te  d e n t ic le s  in  t h is  re g io n .
A b o ra lly , the u n it  i s  very d is t in c t iv e * , the b a sa l c a v it y  b e ing la rg e  
■and elongate. I t  i s  w idest a n t e r io r ly ,  gradually narrowing p o s t e r io r ly .
In  a d d itio n  to  the le n g th  of the b a sa l c a v it y  itself, the l i p s  around the  
c a v it y  are even more consp icuo us, being stro n g ly  extended both la t e r a l l y  and 
lo n g it u d in a l ly . The l ip s  extend fu rth e r p o s t e r io r ly  than the c a v it y ,
te rm in a tin g  w ith in  the p o s te r io r  t h ir d  o f the p la tfo rm . They narrow  
p o s t e r io r ly  from th e ir  maximum development at the mid-point o f the c a v ity .  
There i s  a sharp angular junction between vhe la t e r a l  m argins of the cavity 
l i p s  and the s lo p in g  aboral su rface  o f the p la tfo rm . The overall le n g th  o f  
t h is  ab o ra l fe a tu re  i s  approxim ately th re e -q u a rte rs  o f the t o t a l  le n g th  o f  
the platform, and i t s  development is bilaterally symmetrical.
A short grooved h ee l i s  present at the a n te r io r  and p o s te r io r  ends o f  
the abo ra l sur face.
Remarks.
T h is  subspecies i s  distinguished by the la rg e  b a sa l c a v ity .  Rhodes, 
A u stin  & Druce ( 1969) remarked th a t forms d e scrib e d  as P. m arginata Branson 
& Mehl, by Rexroad & Sco tt (19^+7, p .3 7 ) are recorded as having la rg e  b a sa l 
c a v it ie s , and may be re fe ra b ii to  P. la c in a t u s  s . s .  However, the absence o f
an ab o ra l i l lu s t r a t io n  d eterred  Rhodes et a l  from in c lu d in g  P. m arginata in
synonymy.
O r a lly  P. la c in a tu s  s .s .  i s  h ig h ly  v a r ia b le  and often  d i f f i c u l t  to  
d is t in g u is h  from P. in o rn a tu s . The nature o f  the b a sa l c a v ity  i s  the most 
d is t in c t iv e  fe a tu re , to geth er w ith the narrow er, more e lo n ga te , p latform  
o u t lin e .
A few specimens show a tendency toward the re d u ctio n  o f the in n e r  
p o s te r io r  p la tfo rm , w hich i s  the d ia g n o stic  fe a tu re  o f the su b sp e cie s,
P. la c in a t u s  asym m etricus. However, t h is  fe a tu re  i s  not a.s o b v io u sly  
developed as in  specimens f ig u re d  by Rhodes, A u stin  & Druce ( 1969 ) ,  and fo r  
t h is  r'-vsson have been re ta in e d  in  the subspecies P. la c in a t u s  la c in a t u s .
Material stu d ie d . 51 specimens
Occurrence. PB.16 - F .8
C a trf ovuu vam1 n r s  o f the figured specimens. JW.205 -  JW .210
Polygnathus cf. P. lacinatus Huddle, 193̂ + 
(PI.10, figs.9a-c, PI.11, figs.la-5b)
193^ Polygnathus la c in a t a  H uddle; p.95? p i . 8, f i g s . 1 -3 .
D e s c r ip t io n .
The morphology o f these forms i s  c lo s e ly  comparable w ith  P. la c in a tu s  
w ith one minor exception. The la r g e , e longate b a sa l c a v it y ,  which i s
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diagnostic of P. lacinatus s.s., is present in these forms but not as fully- 
developed posteriorly. The lips surrounding the cavity taper posteriorly, 
from their widest development adjacent to the basal pit, but they extend to 
about the mid-point of the platform. The result of this is an elongate, 
symmetrical, but more oval basal cavity outline, and a longer grooved 
posterior keel than in P. lacinatus s.s. The longitudinal extension of the 
cavity lips is less than half the total length of the platform.
Orally and laterally there are no significant differences between these 
forms and P. lacinatus s.s.
Remarks.
Polygnathus cf. P. lacinatus has the same stratigraphic range as 
Polygnathus lacinatus lacinatus in the Pilton Beds, and should probably be 
included as an infraspecific variant of the latter. It is possible, however, 
that these forms represent a transitional stage between P. inornatus and 
P. lacinatus s.s.
Material studied. specimens
Occurrence. PB.l6 - F .8
Catalogue numbers of the figured specimens. JW.212 - JW.217
Polygnathus cf. P. nodomarginatus E.R. Branson, 1 9 3I+ 
(PI.11, figs.9a-10c; PI.12, figs.2a-c)
1 9 3 k Polygnathus nodomarginata E.R.Branson; p.310, pl.25, fig.10.
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Diagnosis.
A nearly bilaterally symmetrical platform which is lanceolate in outline. 
The oral surface is ornamented by a nodose carina and lateral nodes which are 
restricted to the upturned margins of the platform. The basal cavity is 
exceptionally large, and bears prominently flared lips. The cavity has an 
asymmetrical outline and is closely comparable with that of Pseudopolygnathus.
Description.
The platform is lanceolate in outline and nearly bilaterally symmetrical. 
The margins of the anterior portion of the platform are subparallel, at 
approximately mid-length there is an expansion in the width of the platform 
and from here it tapers rapidly to a sharp point at the posterior tip of the 
unit.
The carina is a prominent feature, composed of parially fused, rounded 
nodes, which tapers gradually from anterior to posterior. It is low, 
nearly straight or only gently curved, and sometimes extends beyond the limit 
of the platform forming a short posterior blade. Anteriorly the carina 
meets the high anterior blade and the junction is marked by a considerable 
change in elevation. The anterior blade is composed of 4-6 denticles which 
are laterally compressed and discrete only at their tips. It is highest 
at about mid-length from which point it drops sharply to the level of the 
carina. The blade is about one third of the total length of the unit, and 
is as high as it is long.
The platform margins are strongly upturned, particularly at the anterior 
end of the unit, and unornamented troughs parallel the carina from anterior 
to posterior. The upturned edges of the platform are ornamented by low, short, 
transverse ridges which terminate in blunt nodes on the lateral margins.
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Laterally the units are straight or gently arched. The upturned margin
of one side of the platform attains a greater height than the carina, while 
the other equals the carina in elevation.
Aborally these forms bear prominent grooved keels running anteriorly 
and posteriorly from the basal cavity. The cavity itself, which is located 
at the anterior end of the platform, is large, elongate and displays thick, 
prominently flared lips which are strongly developed both laterally and 
longitudinally. The outline of the cavity is asymmetrical and the aboral 
surface, as a whole, is typical of Pseudopolygnathus.
Remarks.
Aborally this species closely resembles Pseudopolygnathus, but the oral 
morphology is more typically polygnathid in nature. Thus, there are valid 
reasons for assigning such forms as these to either of these genera. In 
the past, it has been the practice of most workers to refer these forms to 
the genus Polygnathus, and this philosophy has been followed herein. This 
indicates a close relationship between Polygnathus and Pseudopolygnathus, 
which may be of genetic or merely functional significance.
These Pilton forms, and polygnathids from other Upper Devonian sections 
which have been referred to this species, are considered to be homeomorphs of 
the Polygnathus nodomarginatus development m  the Hannibal of the Mississippi 
Valley and the Avonian of Bristol.
Rhodes, Austin & Druce (1969) prefer to consider these forms as 
pseudopolygnathids rather than polygnathids, thus in their publication these 
elements are systematically described under Pseudopolygnathus nodomarginatus
(pp.212-213, pi.9, figs.l-U, pi.12, figs.6a-8c, lOa-c).
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Material studied. 12 specimens 
Occurrence. PB.l6 - PB.35
Catalogue numbers of the figured specimens. JW.221 - JW.223
Polygnathus pura pura Voges, 1959 
(P1.10, fig.lOa-c.)
1959 Polygnathus pura pura Voges, p.291-292, pi.3^, figs.21-26.
Diagnosis.
Voges's original description of this subspecies may be translated as 
follows:-
"A species of the genus Polygnathus which has a platform which is flat 
or only gently arched. The oral surface of the platform is smooth 
even when it is finely grained. The platform outline is asymmetrical 
and leaf-like, pointed posteriorly. The platform is a half to two- 
thirds of the total length of the unit. The carina is composed of 
broad, fused nodes, but the individual nodes are nevertheless 
discernable. A small basal cavity is located in the anterior third 
of the platform, on the aboral surface".
Description.
The platform is flat to very gently arched, and except for the carina 
it is smooth and unornamented. The maximum width of the platform is 
developed anteriorly, and it tapers asymmetrically to a point at the posterior 
end. The outline of the platform as a whole is pear-shaped. The carina
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and the anterior blade merge together and consist of many fused nodes, which 
are only discrete at their tips. The carina curves over the oral surface 
of the platform, terminating just short of the posterior extremity.
The anterior blade is highest anteriorly, gradually becoming smaller 
toward the posterior, where it merges with the carina. The carina continues 
to gradually decrease in height posteriorly.
Aborally, a small basal cavity is visible, corresponding to a point 
just posterior to the junction of the anterior blade and the platform on the 
oral surface. A fine, thin keel runs from the cavity to the posterior and 
anterior extremities of the unit.
Remarks.
This subspecies is distinguished from P. pura subplana Voges, by its flat 
or gently convex platform. The platform of P. pura subplana displays 
■'unturned margins, particularly in the anterior and central thirds. Members 
of this subspecies, and those of P. pura subplana, are very similar to 
to P. communis in oral view, but may be distinguished by a less slender 
platform, and the absence of a depressed, flattened area immediately posterior 
to the basal cavity.
Voges includes three specimens of P. communis illustrated by Bischoff 
(1957, pi.2, figs.23,25,26.) in synonymy, but the author is reluctant to do 
this because two of these figured specimens are of the oral surface, while 
the one that does show an aboral view is obscure in the critical region. 
Furthermore, Bischoff (1959? P-̂ -2) mentions, in his description of P. communis, 
that all the forms that he assigned to this species possessed the 
characteristic depression immediately posterior to the basal cavity.
170
Material studied. 1 (one) specimen 
Occurrence. F. 8
Catalogue number of the figured specimen. JW.211
Genus PRI0NI0DINA Bassler, 1925
(PI.13, figs.l2a-13b)
(Text fig.53)
1925 Prioniodina Bassler, p.219
1926 Prioniodina. Ulrich & Bassler, p. 18
1934 Subbryantodus Branson & Mehl, p .285
Tyne species. Prioniodina subcurvata Ulrich & Bassler, 1926.
Bassler (1925) erected the genus Prioniodina, and one year later, he 
and Ulrich published the following description of this group of conodonts.
"Base of tooth more or less curved, crowned with numerous, subparallel, 
rounded, discrete denticles all inclined in one direction, one of which, 
located in the median third, is considerably larger than the others".
Branson & Mehl (1934b) erected the genus Subbryantodus for essentially 
similar forms, which differed from Prioniodina in possessing fused oral 
denticles and a tendency toward a split aboral edge. Rhodes, Austin &
Druce (1969) consider that the differences cited by Branson & Mehl (1934b) 
do not warrant the erection of a separate genus, and they consider 
Subbryantodus as a junior subjective synonym of Prioniodina. The








The modern diagnosis of Prioniodina is essentially the same as that 
initiated by Ulrich & Bassler (1926) except that the basal cavity of this 
genus, and other members of the Family Prioniodinidae Bassler, is considered 
to be typically developed at or near the posterior end of the blade or bar. 
Diagnosed thus, they can be readily distinguished from the members of the 
Family Prioniodontidae Bassler, (e.g. Ozarkodina) which are characterised 
by a basal cavity which is located in the middle third of the unit.
The figured specimens of the genus Prioniodina are represented by a 
single species.
Material studied. 22 specimens
Occurrence. PB.2 - PB.10
Catalogue number s of the figured specimens. JW. 248 - JW. 249
Genus PSEUDOPOLYGMTHUS Branson & Mehl, 1934 
(Fig.54)
1934 Pseudopolygnathus Branson & Mehl, p.297
1939 Macropolygnathus Cooper, P-392
Type species. Psendopolvgnathus prima Branson & Mehl, 1934, p .298
This genus was first identified by Branson & Mehl (1934b), from the 
Bushberg Sandstone of North America. Their description was as follows:-
"Teeth consisting of a thick plate, lanceolate and arrow-shaped, 
pointed posteriorly with a free, wide, vertical blade which extends
FIG U RE 5 4 '
GENUS PSEUDOPO LYGNATHUS
o ra l v ie w  a b o ra l v ie w
l a t e r a l  v i e w
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considerably in front of the plate margin. Blade grading into a 
distinct carina which divides the oral side of the plate into two 
lateral areas or platforms of unequal lateral and anterior extent. 
Oral surface of each platform traversed by coarse sharp transverse 
ridges and deep intervening valleys, most of which extend from the 
margin of the plate to the carina. Aboral side smooth save for an 
exceptionally large navel at the anterior end of the plate and a 
pronounced keel that extends from the navel to the posterior end of 
the plate. In most specimens the navel is wider than long and is 
more or less set off from the plate surface by a raised margin".
Pseudopolygnathus, although showing a certain oral resemblance to 
.Polygnathus Pander, is developed from the genus Spathognathodus Branson & 
Mehl. Specimens have been found which show a complete gradation between 
Spathognathodus and Pseudopolygnathus. The latter is easily distinguished 
from Polygnathus by the anterior position, and greater size of the basal 
cavity. The cavity of Polygnathus is located at mid-length and is slit­
like in appearance. Branson & Mehl further maintain that orally the sharp 
transverse ridges, at about the level of the carina, and the deep intervening 
valleys, also serve to distinguish PoIy.^athus from Pseudopolygnathus. 
However, specimens from the Avon Gorge and Croyde Bay have aboral cavities 
which are either tyjically polygnathid or pseudopolygnathid in nature, and 
yet their oral morphology is identical.
Cooper (1939), described a prolific conodont fauna from a Bushberg- 
Hannibal horizon in Oklahoma. From this fauna he identified a new genus 
which he named Macropolygnathus (p.392), and 19 species of this genus.
Hass (1959), and others, considered that Macropolygnathus (Cooper) was a 
junior subjective synonym of Polygnathus Hinde (1879)? and Hass has referred
the former genus its type species, Macropolygnathus itha, and the other
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18 species of this genus to the species Polygnathus allocata (Cooper).
R e x r o a d  & S c o t t  (196U) s t a t e d  t h a t  t h e  n a t u r e  o f  t h e  b a s a l  c a v i t y  o f  
M a c r o p o ly g n a t h u s  it h a .  s u g g e s t e d  t h a t  t h i s  fo rm  w as m ore c l o s e l y  r e l a t e d  t o  
P s e u d o p o ly g n a t h u s  t h a n  P o ly g n a t h u s , and t h e  l o c a t i o n  o f  fo rm s  t r a n s i t i o n a l  
b e tw e e n  M a c r o p o ly g n a t h u s  i t h a  an d  P s e u d o p o ly g n a th u s  fusiformis s u b s t a n t ia t e d  
t h i s  t h e o r y .  M any a u t h o r s  h a v e  e x p r e s s e d  t h e i r  a g re e m e n t w it h  t h i o  l i n e  
o f  t h o u g h t  an d  i n  t h i s  t h e s i s  M a c r o p o ly g n a t h u s  i s  in c lu d e d  i n  syn o n ym y w it h  
P s e u d o p o ly g n a t h u s .
THE DEVELOTMENT OF PSEUDOPOLYGNATHUS
Much has been published on this topic and in general most authors agree 
that his genus has been derived from the spathognathodids. Branson & Mehl 
(I93lrt>) observed this development, and reported a series of transitional 
forms between the two genera.
Hass (1959) figured a sequence of paratypes of Pseudopolygnathus 
lanceolata Hass (P1.47, figs.19-26). The smaller paratypes, figs. 20 & 21, 
which Hass calls juveniles of P. lanceolata, are spathognathodid elements, 
fig. 21 being a straight-bladed spathognathodid with three lateral denticles.
Voges (1959) pp.295-301 examined the derivation of Pseudopolygnathus 
from Spathognathodus in his study of conodonts from the Gattendorfia and 
and Pericyclus Stufen. He subdivided the Gattendorfia Stufe, Cul, of the 
Hangenburg-Kalk at the Honnetal Railway Cutting into three zones with the 
aid of pseudopolygnathid species. His studies led him to conclude that 
Pseudopolygnathus prima and certain other pseudopolygnathids which were 
bilaterally asymmetrical were developed initially from Spathognathodus c.f. 
costatus sensu Bischoff & Ziegler, by the addition of denticles on the inner
side of the platform of right forms and the outer side of left forms.
Voges recognised two forms within the Spathognathodus costatus group, a 
right and a left form, whose basal cavities were bilaterally symmetrical.
Both forms were bilaterally asymmetrical in that the outer margin of the 
platform of right forms and the inner margin of the left forms were convex.
In the right forms there was a row of nodes or ridges on the outer side of 
the platform which extended for three-quarters of the length of the unit, 
and in left forms this row of nodes and ridges occurred on the inner side 
of the platform. Small left forms usually showed no nodes on the outer 
side of the platform, although one or two may be present in larger specimens. 
Voces further recognised two variations of right formai which today are 
considered as two separate species, Spathognathodus spinulicostatus uitimus 
Ziegler, and Spathognathodus spinulicostatus spinulicostatus (renamed 
Spathognathodus zeigleri Rhodes, Austin & Druce 1969. Both variations 
showed a secondary row of nodes on the inner aide of the platform extending 
oosteriorly from the middle of the basal cavity. The form now called 
Spathognathodus costatus ultimus showed more strongly developed secondary 
nodes with a furrow replacing the blade nodes in the posterior third of the 
unit. Thus Voges interpreted Snathognathodus ziegleri and S. costatus 
uitimus as the right forms and S. costatus as the left form of the same 
species. It was Ziegler (1962) who found left forms of S. ziegleri and 
S. costatus uitimus and right forms of S. costatus costatus, (renamed 
Sp. bischoffi, Rhodes, Austin & Druce 1968).
The following is a summary of the development of Bseudopolygnathus prima 
from spathognathodus cf. costatus as documented by Voges (1959, P.296, fig.1*). 
Voges identified three stages of development (see Figure55); Stage I was
represented by the Spathognathodus cf. costatus group, and from this Stage H a  
was derived, represented by Pseudopolygnathus dentilineata, by the addition of
FIGURE 55
THE DEVELO PM ENT OF PSEUDOPOLYGNAT HUS PR1MA 
FROM SPATHOGNATHODUS cE CQSTATUS GROUP 
( a f te r  Voges diagram  4 ( 1959)
P se u d o p o lyg na thu s  tr ia n g u la  inaequalis
Pseudopol v g nathus ap e tod us
Pseud oppi yq n a th u s  d e n tilin e a ta
Spathoqnathodus QÌ costatus
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denticles on the outer side of left forms and the inner side of right forms.
The basal cavities of right and left forms were bilaterally symmetrical, but 
the two halves of the basal cavity of individual elements were bilaterally 
asymmetrical. This nature of the basal cavity was retained during the 
further development of the oral surface of the P. prima group. Stages lib 
and Ilia were represented hypothetically by P. foliacea E.R. Branson and 
P. apetodus Cooper. According to Voges, these stages developed by the 
extension of nodes and ridges, towards the anterior on the outer side of 
the platform in left forms and on the inner side in right forms, and also 
the extension of the nodes and ridges of the opposite side of the platform 
to a point nearer the anterior extremity. A symmetrical element was 
present in the platform ornament when the inner anterior angle of the 
platform of right forms and/or the outer anterior angle of left forms was 
accentuated. Stage 111b is represented by P. triangula inaeaualis from 
which developed P. triangula triangula, both these subspecies were symmetrical 
elements in terms of oral denticulation.
Klapper (1966) expressed his agreement with Voges that P. dentilineata 
probably developed from double-rowed forms of Spathognathodus (see Voges 
1959, p.296, Tagel 5). He qualified his remarks by noting that this 
development at least applied to the Lower Carboniferous forms of P. dentilineata. 
In his discussion of Voges's interpretation, Klapper suggested that Stages 11b 
and 111a, said to be hypothetical, were possibly equivalent to P. foliacea 
and P. apetodus respectively. He considered both these species to be junior 
synonyms of Pseudopolygnathus prima, Stage lib (P. foliacea) corresponding 
to an early representative of P. prima, still transitional with P. dentilineata, 
and Stage 111a (P. apetodus) corresponding to a more advanced form of P. prima. 
Klapper regarded specimens such as P. irregularis Branson (193*0 pi.26, 
figs. 25 & 26, as being transitional between P. prima and P. dentilineata.
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He stated that the distinction between these two species was purely arbitrary, 
based on the size of the basal cavity relative to the width of the platform. 
Klapper further noted that if it was accepted that P. apetodus (Voges 
Stage 111a) was equivalent to P. prima, then P. triangula inequalis (Voges 
Stage 111b) probably developed from P. prima in the manner suggested by 
Voges. Another point of interest recorded by Klapper was that the basal 
cavity of P. triangula triangula was referable to the genus Polygnathus in 
a strict morphological sense. However, P. triangula inaequalis had a 
typical pseudopolygnathid cavity and Voges's lineage (Abb.5, p.297, 1959) 
showed a consistent trend toward the reduction of the basal cavity.
Klapper stated that this phylogenetic evidence should be given precedence 
over morphological similarities and thus P. triangula triangula should be 
retained in the genus Pseudopolygnathus.
Rhodes, Austin & Druce (1969) concluded that there had been three separate 
developments of the genus PseudopolygnsVhus in the type Avonian of Great 
Britain. One in the Lower and Middle part of the K zone, a second at the 
base of the Z1 zone and a third in the Middle and Upper part of the Z1 zone.
He stated that all three developments had been along similar lines, the 
starting point of each being a straight-bladed Spathognathodid with lateral 
denticles. Austin compared specimens of his Pseudopolygnathus vogesi 
development, from the Lower and Middle K zone, with specimens from the 
Pseudopolygnathus dentilineata development of Voges (1959)* Similarly he 
compared Pseudopolygnathus prima, from the Lower Z1 zone, with forms from 
the stage Voges referred to as "having specimens similar to P. foliacea and 
P. apetodus".
Rhodes, Austin & Druce (1969)9 in their report on the Avonian conodont 
faunas of Great Britain, remarked that "since the laterally nodose 
spathognathodids, which gave rise to the pseudopolygnathids, are homeomorphic
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and at least three chronologically distinct evolutionary lines have been 
demonstrated, it follows that the genus Pseudopolygnathus is polyphyletic". 
The authors stated that the forms from the Lower K zone arose from the 
platform evolution of Upper Devonian toVl nodose spathognathodids, while 
those from the Upper Z zone can been seen to have evolved directly from 
forms which the authors have renamed Spathognathodus costatus costatus 
(previously Spathognathodus costatus Branson). The latter form of 
Spathognathodus is restricted to the Lower and Middle Zone. The two 
youngest pseudopolygnathid developments in the Avon Gorge of Great Britain 
are referred to the same phylogeny as that described by Branson from the 
Hannibal of Missouri. The third and oldest development, P. vogesi n.sp. 
Rhodes, Austin & Druce, is regarded as a separate phylogeny and a homeomorph 
of the younger pseudopolygnathid forms. The stage of development in Voges's 
fauna represented by P. triangula inaequalis and P. triangula triangula is 
not represented in the Avon Gorge, where P. multistriata developed from 
P. prima.
Rexroad and Scott (1964) suggested Spathognathodus aculeatus (Branson & 
Mehl) and Spathognathodus anteposicornis Scott, as possible ancestors of 
the genus Pseudopolygnathus. They also included P. striata Mehl & Thomas 
in synonymy with P. multi striata Mehl & Thomas.
In the Pilton Beds of North Devon, the two most abundant genera are 
Spathognathodus and Pseudopolygnathus. The former is present throughout
the succession and the latter restricted to the upper two-third. Although 
the faunal evidence does not afford complete gradation along similar lines 
to that documented by some of the authors quoted above, the mere existence 
and stratigraphic location of £>. aculeatus, _S. bischoffi, _S. ziegleri and 
P. dentilineata in the Pilton succession, tend to endorse the supposition
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that Pseudopolygnathus was developed from Spathognathodus. However, the 
evidence from the Pilton Beds suggests that the derivation of Pseudopolygnathus 
dentilineata may have been twofold: firstly, through the Spathognathodus 
costatus group, as documented by Voges (1959)? and secondly, directly through 
Spathognathodus aculeatus, as postulated by Rexroad & Scott (1964). This 
second alternative trend of development is briefly mentioned in the remarks 
on Spathognathodus aculeatus nodosus (p.209). This sub-species is considered 
as the last stage in the development of Spathognathodus aculeatus before it 
gave rise to a pseudopolygnathid form similar to that described later as 
Pseudopolygnathus sp.nov.(p. 196)• Evidence of this path of development is 
further substantiated in the Lower Pilton Beds by the presence of several 
specimens which are identical to £>. aculeatus nodosus except for the presence 
of a fine narrow ridge on the inner side of right forms and the outer side of 
left forms. This ridge is developed posterior to the single node which 
characterises the sub-species jS. aculeatus nodosus. Theoretically, such 
forms still have only one node on this subspecies. However, this ridge is 
obviously the precursor of other denticles, which if developed would define 
the specimen as a pseudopolygnathid. Whether or not these forms with ridges 
are'considered to be one genus or the other is of little importance, as they 
are truly transitional. The stages of development from Spathognathodus 
aculeatus through S. aculeatus nodosusto Pseudopolygnathus are shown 
diagramatically in Figure 56.
Whether or not this trend ultimately gave rise to P. dentilineata in 
the Lower Pilton Beds cannot be stated with any certainty, it may have ended 
with forms like Pseudopolygnathus sp. nov. However, it is possible that 
the latter forms did give rise to P. dentilineata and consequently this 
alternative development of Pseudopolygnathus may be of more significance than
implied herein.
FIGURE 56









Pseudopolygnathus dentilineata Pseudo polygnathus sp. n o v
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Orientation.
Taking Pseudopolygnathus dentilineata as the example, the curvature of 
the longtitudinal axis is a bilaterally symmetrical element. The ornamentation 
of the oral surface, the shape of the basal cavity and cross-section through 
the blade near the platform are bilaterally asymmetrical elements. The 
two sides of the basal cavity and of the platform of an individual right or 
left form are also bilaterally asymmetrical, although some specimens show the 
former feature to be almost symmetrical. The inner and outer platform margins 
of these conodonts are convex in both right and left forms. Individuals 
are designated as being right or left by orientating them with the anterior 
blade placed forward and then noting the curvature of the longtitudinal axis.
Identification of the Pseudopolygnathids in the Tilton Beds^
Some of the most recent ideas on pseudopolygnathid taxonomy were 
forwarded by Klapper (1966), in which he expressed his agreement with Voges 
(1959) that P. dentilineata was transitional with Pseudopolygnathus prima. 
Klapper considered the arbitrary distinction between these two species to 
be that the basal cavity of P. dentilineata was as wide as the platform 
whereas that of P. prima was more restricted. Furthermore, the margins 
of the basal cavity were more flared in ]?. dentilineata. Thus, Klapper 
disregarded specific identification on the basis of variation in the oral 
ornament, for these species. The author is in agreement with this approach 
in the light of the vast variety of platform ornamentation possible.
Rhodes, Austin & Druce (1969) considered P. vogesi from the Avon Gorge 
to be homeomorph of P. jdentikineata Branson, and similar but not identical 
to P. dentilineata Voges. Klapper's diagnosis of Ik dentilineata would 
include P. vogesi Rhodes, Austin & Druce (1969), and it is also interesting 
to note that Klapper placed a great many named pseudopolygnathid species in
synonmy with P. prima. He stated that "They were proposed primarily on the 
basis of details of the upper surface ornamentation, here regarded as within 
the range of intraspecific variability .
At any one horizon in the PiIton Beds, containing pseudopolygnathids 
of sufficient number, the variety of platform shape, denticle number and 
arrangement is found to be diverse. However, it was readily recognised that 
many of the elements could be referred to the species Pseudofio^gnatlrns 
dentilineata Branson. Forms similar to Pseudopolygnathus vogesi were found 
in association with P. dentilineata at all horizons where the latter was 
present, as were forms which orally resembled Pseudopolygnathus mult^ riata. 
The author considers that the forms similar to P. votesi are infra-specific 
variants of P. dentilineata and that the fact that the former shows ridge­
like denticles does not warrant the erection of a separate species in the 
PiIton Beds. Both forms have identical basal cavities and there are a
variety of intermediates between them. However, in the Lower and Middle 
K zone of the Avon Gorge, there may he a valid case for isolating this 
particular variant of P. dentilineata and designating it as a separate species, 
as here it" is not associated with any other pseudopolygnathids. Klapper's 
diagnosis of P. dentilineata includes several of the morphological features 
regarded as characteristic of P. vogesi.
No forms identical with Pseudopolygnathus prima have been located in the 
Pilton Beds, but there are forms in which the nodes have become either 
thickened and ridge-like or else, simply more numerous on both sides of the 
platform. Such specimens are treated as varieties of P. dent magata, since 
the basal cavity is not restricted but is typical of that described for 
P. dentilineata by Klapper (1966). Like the forms similar to P. vogesi and 
those which resembled IA_ multistriata, these forms are always found wherever
P. dentilineata is found.
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The specimens which orally are similar to P. multistriata are aborally 
dissimilar, in that they also have basal cavities which are not restricted 
but the same width as the platform. On this basis they are included as 
further variants of the species P. dentilineata. Klapper (1966) calls 
P. multistriata and P. dentilineata homeomorphs, distinguished only by the 
difference in their basal cavity dimension. Because they can be distinguished 
in this way they are not true homeomorphs,but rather near homeomorphs. Thus, 
according to Klapper's classification, the present author's use of the phrase 
'forms which orally resemble P. multi striata' is invalid, because the oral 
surface cannot be used as a criteria for distinguishing P. dentilineata,
P. multistriata and P. prima. Klapper's diagnosis serves to describe all the 
pseudopolygnathids recovered from the PiIton Beds. His diagnosis is:-
"Right side of the platform more fully developed anteriorly along blade. 
Single row of large nodes or ridges on each side of the platform. Basal 
cavity covers entire width of platform m  mature specimens and has 
flaring margins".
For the reasons cited, the pseudopolygnathid population of the Pilton 
Beds is considered to be represented by a single species, P. dentilineata, 
with the exception of only a few specimens. Although variation in oral 
ornamentation is diverse, this is regarded as infraspecific variation. The 
basal cavity of all the pseudopolygnathids studied is consistently large and 
flared, with no evidence of restriction.
A few mature specimens from three of the lowest horizons at which 
pseudopolygnathids have been found in the Pilton Beds, still possessed a large 
flared cavity, but were of particular interest for three reasons. (a) The 
platform was restricted to the mid-third of the unit, usually overlapping 
slightly into the anterior laird. (b) The platform supported only 3 or 1+
denticles on either side of the carina even in mature forms. (c) These forms 
were restricted to the three horizons mentioned, and at one of these horizons 
were the only pseudopolygnathid representatives found. Such forms could be 
interpreted as further variants of P. dentilineata, but the position and 
shape of their platform, and more important their restriction in terms of 
stratigraphic occurrence, has prompted the author to treat them as a separate 
species, Pseudopolygnathus sp. nov.
INFRASPECIFIC VARIABILITY IK PSEUDOPOLYGNATHUS DENTILINEATA E.R.BRANSON IN
THE PILTON BEDS OF NORTH DEVON.
Scott and Collinson (1959) stated that:-
"Conodonts lend themselves to studies of variability because (l) specimens 
are exceedingly abundant; (2) the stratigraphic occurrence of conodonts 
in Paleozoic rocks, despite the gaps apparent in the literature, is one 
of the most nearly complete in the fossil realm; (3) each specimen 
carries a record of its ontogenetic history; ( k )  preparation and 
examination of great numbers of specimens is both easy and rapid; and 
(5) conodonts are resistant to weathering and to abrasion so that specimens 
are commonly perfectly preserved and are suitable for detailed study".
The authors further noted that variation had received only scant attention 
and that it was common to find 10-20 subjective synonyms for a single species.
In their publication, Scott & Collinson (1959), described the infraspecific 
variation that they recognised within the species Pahnatolepis glabraUlrich & 
Bassler. They interpreted groups of infrapopulation variants, not as separate 
species, but as 'morphotypes', which were each distinguished by a Greek 
letter. The authors pointed out that further studies of P. glabra populations
may indicate that one or more of the morphotypes differ sufficiently from
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other palmatolepids to warrant individual specific names. However, until 
that time occurs, the conodont worker is not "burdened with a lot of 
arbitrarily defined species which are gradational and may be without 
stratigraphic value". Given the correct circumstances, all species could 
probably be seen to be time gradational.
In the present study of P. dentilineata, the author adhered closely 
to the methods of Scott & Collinson, as this approach was considered to be 
the most suitable in the interpretation of the pseudopolygnathid population 
of the Pilton Beds. The preceding quotation from the work of these authors 
is considered to be most relevant to the problem at hand, in that the 
variants of Pseudopolygnathus, in the Pilton Beds, have no individual 
stratigraphic value with the exception of Pseudopolygnathus sp. nov.
CONSTRUCTION AND INTERPRETATION OF THE INFRASPECIFIC VARIATION DIAGRAMS 
(FIGS. 57 & 58)
Variability within a population was just one of three types of 
infraspecific variation summarized by Muller (1956, p.1330 & 1331). The 
two other types he noted were (b) variation within a single natural 
assemblage and (c) ontogenetic transfromation. To these three categories 
Scott & Collinson (1959) added (d) the effect of injury and regeneration 
and (e) variation produced by genetic trends and natural selection.
In the following discussion the present author is dealing with normal 
infraspecific variation, or variation within a population. The term 
population is used loosely. The principal morphologic variants found in 
the Pilton Beds are illustrated in Figure 57, and the frequency distribution 
of these variants recorded graphically in Figure 58. Trueman et o.l,
(in Imbrie, 1957) devised a similar technique to that of Scott and Collinson,
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with one major difference. Whereas Trueman et al interpreted the 
infrapopulation variants as separate species, Scott & Collinson chose to 
use the term 'morphotypes', as applied by Sylvester-Bradley (.1958) , for 
their major groups of variants.
At this juncture it is convenient to repeat that the nature of the 
aboral cavity is a non-variable feature, the variability dealt with herein 
being only that 'which occurs in the oral ornamentation.
Figure 57 was constructed as follows:- Two hundred mature specimens of 
Pseudopolygnathus were isolated from a single horizon, PB.16. The only 
criteria used in choosing these specimens was that they were mature and 
essentially unbroken (the anterior blade was missing in a great number of 
specimens). No attention was paid to the oral ornamentation at this stage. 
With the aid of photographs the variants were sorted into groups with 
morphological similarities, and a total of four groups were recognised by 
the author. As stated by Scott & Collinson, "this division is somewhat 
arbitrary and other workers might recognise fewer or more groups. It is 
doubtful, however, that such differences would significantly affect the 
conclusions drawn herein". The figure was then constructed placing one 
specimen, representing the most common form present in the population, in 
the centre. This centrally illustrated specimen is similar, but does not 
conform precisely to the original description of P. dentilineata by Branson 
(1934).
Thirteen other specimens are illustrated in Figure 57 to show the type 
and range of variability found. These specimens are arranged concentrically 
around the central specimen, those furthest from the centre are thought to 
show the greatest degree of variation from the 'normal' form. The trends 
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represent the development of ridge-like denticles and intervening furrows 
on one side of the platform, with or without an increase in the number of 
denticles.
In the construction of Figure 58 the present author preferred to 
deviate from the methods of Scott & Collinson. The frequency distribution 
diagram used by these authors gave only a very generalised picture of the 
density statistics, whereas the plot used herein represents the figures 
more lucidly and simply. Figure58 indicates graphically the frequency 
distribution of the individual variants recognised within each morphotype. 
Furthermore it readily shows the relative frequency of each morphotype as 
a group.
The maximum length of the platform of the outer side of right forms, 
and the inner side of left forms, is considered to be satisfactory criterion 
for indicating the ontogenetic stage of development of P. dentilineata.
The platform length of all 200 specimens used in the construction of Figures 
57 & 58 was greater than 0 . 6 b  mm.
DESCRIPTIONS OF THE MAIN GROUPS OF VARIANTS OF P. DENTILINEATA.
Theoretically each variant in Figure 57 should be described individually, 
but as four arbitrary groups have been recognised, it is more practical to 
restrict descriptions to these well defined collective units, which are based 
solely on the 200 specimens used in the construction of the variation 
diagrams. It must be remembered that the descriptions of these four groups 
of 'morphotypes' are generalisations expressing only the major variations in 
the P. dentilineata population. There are an infinite number of other minute 
variations, in denticle number and shape, which are unspecified in Figure 57 
To clarify this let us consider a hypothetical trend showing an increase in 
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forms with six, seven and eight denticles would have been observed but they 
would not have been recorded in the diagram.
The bilateral asymmetry of the units means that the descriptive terms 
'outer side of the platform of right forms' and 'inner side of the platform 
of right forms' used in the following paragraphs, also imply a corresponding 
development of the 'inner side of the platform of left forms' and 'outer side 
of the platform of left forms' respectively.
MORPHOTYPE I (P1.1+, figs.9a-10c; PI.5, figs.la-2c)
This group is characterised by a marked thickening of the denticles,
(5 or 6 in number), of the outer side of the platform of right forms. The 
net result is the production of prominent ridges and alternating furrows, 
which traverse this side of the platform and are in contact with the carina.
The denticles of the inner side of the platform of right forms show no change, 
remaining the same size, shape (nodose) and number (usually one more than the 
opposite side of the platform) and furthermore they remain restricted to the 
margin of the platform. Of the 200 specimens studied, 33 are members of this 
morphotype.
Within this group, two trends are recognisable, the first, trend a, shows 
even further thickening of the 5 or 6 ridge-like denticles on the outer side 
of the platform of right forms, without any other significant change in the 
conodont platform. The second trend, trend b, shows the development of 
more numerous ridge-like denticles (maximum number 8) on the outer side of 
the platform of right forms, while the opposite side of the platform undergoes 
no change other than corresponding increases in the number of nodose denticles. 
There may or may not be further thickening of the denticles of the outer side
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of right forms. A further result of both trends a and b is to lose the 
discrete denticulation of the posterior third of the carina.
Trend a results in forms which are similar to P. vogesi, from the Avonian 
of the Avon Gorge. Austin (personal communication) has encouraged the 
present author in his consideration of these forms as variants of P. dentilineata, 
and it would seem that Austin now thinks that he was incorrect in establishing 
a new species, looking upon the first development of pseudopolygnathids in 
the Avon Gorge as a P. dentilineata development. However, as explained 
earlier, these are the only pseudopolygnathids found in the Lower and Middle K 
zone of the Gorge, and the present author contends .that there may be a case 
for isolating this particular variant of P. dentilineata, and elevating it to 
a species.
MORPHOTYPE II (P1.5, figs.3a-7c)
This group is represented by only a small number of specimens, 19 in all, 
and is characterised primarily by the development of an offset, accessory 
denticle on the inner side of the platform of right forms. This denticle is 
located between the third and fourth platform denticle from the anterior end 
of the unit. Once again two trends can be recognised namely, trend c and 
trend d. Trend c is toward the development of a platform bearing denticles 
which are all nodose and restricted to the margins. The number of denticles 
on each side of the carina is either 6 or 7• Trend d variants show the 
denticles of the outer side of the platform of right forms to become ridge-like, 
crossing the platform to meet the carina. Those denticles on the opposite 
side of the platform are restricted to the margin. The end products of 
trends c and d are very similar in overall appearance to those of trend f, 
Morphotype III and trend b, Morphotype I respectively, but are differentiated
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by -the presence of the accessory lateral node. Both trends c and d are 
equally common with regard to numbers of specimens.
Having pointed out that specimens of Morphotype II can be referred to 
both Morphotypes I and III, this emphasises that these groups are purely 
arbitrary and often based on the presence of just one common character, in 
this case the development of an accessory lateral denticle.
MORPHOTYPE III (PI. 5, figs.8a-9c; PI. 6, figs.la-^c)
This group is characteristed by the restriction of the 5 or 6 platform 
denticles, on both sides of the carina, to the margins of the platform.
A well marked trough occurs between the denticles and the carina, on both sides
of the platform. The denticles are nodose, and two trends of variation are 
recognised within this group. Representatives of this Morphotype are twice 
as numerous as the next largest group. Many of the forms of this Morphotype, 
which show only a sma.ll degree of divergence, are very similar to the original 
description of P. dentilineata Branson (193*0* Trend e indicates further 
regression of the denticles toward the platform margin, where they become 
rounded in shape. The denticles are still 5 or 6 in number on either side 
of the platform. This is the most prominent trend.
Trend f is toward a unit in which the denticles are restricted to the 
margin but are more numerous on both sides of the platform. The maximum 
number of denticles increases from 5 or 6 to 9 or in rare cases 10. The den­
ticles retain their triangular shape as opposed to becoming rounded. In
Figures 57 & 58 there is one illustration which is not directly included in 
either trend. A few specimens achieve the ultimate development of both trends 
e and f, having rounded denticles restricted to the margin and more numerous 
denticles. Such specimens may be derived from either or both trends.
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.The result of trend f is not unlike representatives of the species,
P. prima Branson & Mehl, but differs in that the basal cavity is unrestricted 
and it bears no lateral lobe on one side of the platform. It is considered 
that these variants are homeomorphs of P. prima from the Avon Gorge, and from 
the Cul of Germany.
MORPHOTYPE IV (P1.6, figs.5a-7c)
Specimens displaying an increase in the number of denticles, of the order 
of one to three, on each side of the platform, together with a tendency for 
these denticles to become ridge-like on the outer and inner posterior side 
of the platform of right forms, are ascribed to this group. The anterior 
portion of the inner side of the platform of right forms bears a prominent 
unornamented trough between the marginal nodes and the carina. As a result 
of this the inner anterior portion of the platform is lower on the carina 
than the outer anterior portion in right forms. Two trends can be 
recognised, the most important being trend h, in which, the ridge-like 
nature of the denticles extends over the whole platform on both sides of the 
carina. In a few specimens the most anterior denticle on the inner side of 
the platform of right forms may be the only exception, in that it fails to 
extend to the carina. There is no prominent trough present and these forms 
are identical, orally, to P. multistriata Mehl & Thomas, although, aborally, 
the basal cavity is as wide as the platform, and is not restricted. (Klapper 
(1966) considers P. multistriata Mehl & Thomas to be a Lower Osage homeomorph 
of P. dentilineata). The present author considers P. multistriata Mehl & 
Thomas to be a homeomorph of this variant of P. dentilineata.
Trend g shows that the ridge-like denticles remain restricted to the 
outer and inner posterior portion of the platform; in right forms, however,
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the inner anterior trough is lost. The inner side of the platform of right
forms becomes elevated to a position higher on the carina, so that the 
platform on both sides of the carina is of equal height. The result of this 
is tc suppress the trough, and this, together with the elevation of the 
platform, constitutes trend g.
CENTRAL SPECIMEN (P1.7, figs.la-7)
This type of specimen represents over 25% of the total number of conodonts 
used in this variation analysis. It is characterised by the presence, on the 
outer and inner sides of the platform of right forms, of 5 and 6 denticles 
respectively. The denticles of the outer side of right forms are intermediate 
between nodose and ridge-like, m  two senses. Firstly, they are intermediate 
in their actual shape, many of the individual denticles being tear-shaped in 
outline, tapering toward the carina. Secondly, forms are found in-which a 
few of the 5 denticles are ridge-like, almost reaching the carina, while the 
rest are nodose and rounded, restricted to the margins of the platform.
THE NATURE OF M E  BASAL CAVITY
Figure 59 was constructed to show the basal cavities of the specimens 
used tc illustrate oral variation in Figure 57• As can be seen from 
Figure 59 the aboral similarity of all the specimens is most striking.
To further illustrate the consistent nature of the basal cavity of the 
pseudopolygnathids in the Pilton Beds, a series of graphs has been constructed. 
The graphs in Figures 60 & 6l express the maximum width of the basal cavity 
as a plot against the maximum width of the platform. A separate graph is 
constructed for each of the Morphotypes outlined in the previous pages.
All the graphs plotted as straight lines indicating a constant relationship 
between the basal cavity and platform width, and furthermore the lines were 
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features was essentially the same for any one individual. A comparison of 
the k graphs indicates that none of the major groups of variants has 
restricted basal cavities, but rather cavities which are as wide as the oral 
platforms. Specimens from horizons throughout the Lower Pilton Beds were 
used in plotting this data.
Two other graphs were constructed in order to ascertain the relationship 
between the rate of growth of the conodont unit and the increase in the 
number of denticles on the platform. Figure 62 compared the number of 
denticles on the inner side of the platform of right forms, or the outer 
side of the platform of left forms, with the length of those sides of the 
platform, while Figure 63 compared the number of denticles on the outer side 
of the platform of right forms, or the inner side of the platform of left 
forms, with the length of the corresponding sides of the platform in this 
case. Specimens from sample PB.20 were used in the construction of both 
graphs. The data indicate that there are two patterns of growth, the first, 
and dominant trend, is simply the increase in length of the platform on both 
sides of the carina. Both sides of the platform increase in length at 
approximately the same rate, and as the denticle number remains constant 
then the denticles are increasing in size as the platform grows. This 
trend is apparent throughout the ontogeny, and particularly apparent in 
the juvenile members of the species. The second trend does not become 
obvious until maturity, when there appears to be an increase in the number 
of denticles on the platform without an increase in the platform length.
The two trends are most apparent when expressed graphically and despite 
determined efforts, the author has been unable to show these two trends 
convincingly in diagrammatic form. The probable reason for this is that 
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In' an effort to understand the relative rates of growth of different 
parts of the same individual. Figure 6k was constructed. This shows a 
comparison of the length of the outer side of the platform of right forms 
(inner side of left forms) with the total length of the conodont, from 
anterior to posterior extremity. The graph indicated that the length of 
the platform of any one individual increases at a greater rate than the 
overall length of that conodont. A Juvenile form may have a platform 
which is half the overall length of the unit, whereas the mature form will 
exhibit a platform which is three-quarters the overall length.
At all the horizons in the Pilton Beds in which pseudopolygnathids were 
abundant, the four morphotypes were always evident and hence no zonal scheme 
could be produced based on their stratigraphic distribution. A chart was 
constructed (Figure 65) to show the relative percentage of each morphotype, 
and the central specimen, at these horizons which contain numerous 
pseudopolygnathids.
As can be seen from Figure 65, the percentage of each morphotype and 
the central specimen is variable throughout that part of the succession 
from which pseudopolygnathids were recovered. However, there are no 
significant fluctuations in the relative percentages that could be utilised 
for zonal purposes. The morphologic variation is therefore interpreted as 
infraspecific.
Pseudonolygnathus dentilineata E.R. Branson, 193*+
(P I 1+ figs.9a-10c; P I .5, figs.la -9c; P I .6, figs.la-7c; 
’ P I .7, figs.la-7)
non 19^7 Pseudopolygnathus multi striata Mehl & Thomas; p.l6, pl.l, fig.36.
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Pseudopolygnathus prima (Branson & Mehl): Klapper; p.lH, pl.l+,
fig.8.
?Pseudopolygnathus dentilineata E.R. Branson; p.3 1 7, pi.26, fig.22. 
Pseudopolygnathus dentilineata (E.R. Branson): Bischoff; p.50-51.
pi.4, figs.29-32,3^.
Pseudopolygnathus dentilineata (E.R. Branson): Voges; p.300-301,
p l.3 ^ , figs.k-9,50, text-fig. 5, fig. 2.
Pseudopolygnathus dentilineata (E.R. Branson): Ziegler; p.99.
Pseudopolygnathus varicostata E.R. Branson; p.318, pi.26, figs.19,20.
Pseudopolygnathus varicostata (E.R. Branson): Cooper; p.1+08,1+09,
pi.1+0, figs. 1+1+, 1+5.
Pseudopolygnathus subrugosa E.R. Branson; p.3l8, pi.26, fig.l8.
Pseudopolygnathus pro,jecta E.R. Branson; p.320, pi.26, fig.10,11.
Pseudopolygnathus hrevimarginata E.R. Branson; p.322, pi.26, fig.3.
Pseudopolygnathus st r i a t a  (Mehl & Thomas): B is c h o ff  & Z ie g le r ;
P.161+, pi. 11, fig.20.
Pseudopolygnathus dentilineata (E.R. Branson): Klapper; p.ll+,
pi.5, figs.10,1 1.
Pseudopolygnathus dentilineata (E.R. Branson): Boogaert; p.185,
pi.3, fig.8 .
Diagnosis.
The outer side of the platform of right forms, and the inner side of the 
platform of left forms, are developed further anteriorly along the blade than 
the opposite side of the platform. The oral ornamentation consists of a 
row of nodes or ridges on each side of the carina. The basal cavity covers
the entire width of the platform in mature specimens and has flared margins. 
This diagnosis is almost identical to that given by Klapper (1966), for the 
same species. It is used in preference to the original description of this 
species, from the Hannibal Formation of North America, by E.R. Branson (193*+), 
as Branson's description does not cover the range of variation recognised in
i<&
this species in the Pilton Beds. Furthermore, if it is assumed that 
Spathognathodus costatus group gave rise to P. dentilineata in the Hannibal 
Formation, and that same group produced P. dentilineata in the Pilton Beds, 
then we must consider P. dentilineata from these two horizons as homeomorphs 
The reason for this is that their immediate ancestors are considered to be 
homeomorphs, (see the discussion of Spathognathodus costatus).
Description.
A comprehensive description of the variety of oral ornamentation which 
can occur within this species, has been presented in the foregoing pages. 
The nature of the basal cavity has also received attention with regard to 
its relationship in size with the maximum width of the conodont element.
The aboral surface as a whole is dominated by the large, flared, basal 
cavity which is located just anterior of mid-length. A prominent keel 
runs from the basal cavity to the anterior and posterior extremities of 
the unit. Owing to the position of the cavity, the anterior keel is the 
shorter of the two. The outer and inner sides of the basal cavity of any 
individual of this species are asymmetrical, but in many specimens only 
slightly so. The cavity edges may be smooth and sub-circular in outline, 
they may show shallow folds in the cavity edge, and consequently allor
manner of outlines. These folds can occur on the anterior, posterior or 
lateral edges of the basal cavity. The second possibility occurs most 
frequently. In all specimens, one side of the cavity reaches fractionally 
further anteriorly than the other, and hence it is an asymmetrical feature. 
Without exception, it is the inner side of the cavity of right forms, outer 
side of left forms, that exhibits this anterior extension. Thus, the basal 
cavity Qf both right and left forms and individual specimens are bilaterally
asymmetrical.
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The junction of the basal cavity and the posterior keel is more tapered 
than that of the anterior junction. In juvenile forms and also a few mature 
specimens, the cavities are almost symmetrical and very prominently tapered 
to the posterior; the result is a tear-shaped basal cavity. The fact 
that one side of the cavity extends slightly further anteriorly is not 
obvious in juvenile forms.
Laterally, the element is arched in the posterior half and in the 
majority of specimens, (with the exception of Morphotype V, trend h) the 
outer side of the platform of right forms, and inner side of left, is 
higher relative to the carina than the opposite side of the platform. The 
latter feature is most obvious at the anterior end of the platform.
The anterior blade, when not disattached, marks the highest elevated 
in lateral view, and the blade itself has a variable outline. It ranges from 
triangular, through plume-like to a shape where its highest denticles occur 
at the anterior or posterior end of the blade with the rest of the denticles 
gradually falling off in height in one direction or the other. The anterior 
blade consists of 5 or 6 denticles which are discrete only at their tips.
The members of this species have an average ratio of 3:1 times as long 
as wide, and the posterior blade extends just beyond the platform in the 
majority of cases.
Remarks.
In the Pilton Beds, the pseudopolygnathids are not important stratigraphic 
zonal tools, as they occur at most horizons with no significant change.
A series of photographs indicating the growth stages and ontogenetic 
variability of P. dentilineata, as represented by the central specimen in
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Figure 57 can be found on Plate 7 figures 4,5,6,7* Problems of
identification which arise due to ontogenetic development can usually 
be overcome by intensive scrutiny of the juvenile individuals. A great 
number of specimens recovered from the Pilton Beds were incomplete in that 
the anterior blade was broken off. This is not considered to be any great 
handicap in identification.
Material studied. 1,853 specimens 
Occurrence. PB.9 - F .8




This species is characterised by the presence of a very small platform 
which is restricted to the mid-third of the unit, and by a very long 
posterior blade. The platform denticles attain a maximum number of 5 on 
the outer side of the platform of right forms, (inner side of left), while 
there is commonly one less denticle on the opposite side of the platform.
Description.
Orally the platform is restricted, occupying a position in the mid-third 
of the unit. It is as wide as long, having a sub-rounded outline. The 
outer side of the platform of right forms, (and the inner side of left forms), 
bears 3-5 large strong nodes which are restricted to the margin of the platform,
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a distinct furrow runs between them and the carina. The opposite side of 
the platform usually bears one less node, varying in number from 2-k. The 
latter are also restricted to the platform margin and separated from the 
carina by a furrow, and they are smaller in comparison to those of the 
opposite side.
Aborally the unit is dominated by a large basal cavity equal in width 
to the platform and centred just anterior of the mid-point of the conodont.
The basal cavity is open and flared, and the inner side of the cavity of 
right forms (outer side of left forms), extends fractionally further 
anteriorly than the opposite side. The cavity of individuals is therefore 
bilaterally asymmetrical. There are prominent posterior and anterior keels 
running from the basal cavity, the former being the longer, and the junction 
of the posterior keel and the cavity is more tapered than that of the cavity 
and the anterior keel.
In lateral view the unit is bowed in the posterior half, and the 
anterior blade exhibits the greatest elevation. The anterior blade is 
composed of 6 denticles which are discrete only at their tips, and the blade 
itself is highest at mid-point, (denticles 3 & *0, falling away rapidly to 
the anterior, and more gradually to the posterior. There is a distinct 
drop in elevation where the anterior blade meets the carina. The carina 
rises gradually throughout its length and is virtually smooth, showing no 
denticulation. The nodes of the outer side of the platform of right forms
(inner side of left forms), rise high above the carina, whereas those of the 
opposite of the platform are low on the carina. The carina itself occupies 
only the mid-third of the unit and then merges with the long posterior blade, 
which falls away in height to the posterior extremity. The posterior blade 
is composed of 11 or 12 denticles which are discrete only at their tips.
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The unit as a whole is nearly four times as l o n g  as broad. The junction 
between the anterior blade and the aboral edge is approximately 90° or 
slightly less, and that of the posterior blade and the aboral edge is 
tapered.
Remarks.
This group is treated as a different species because of its restricted 
platform and its stratigraphic significance in the Pilton Beds. Furthermore 
this species is the "perfect" form of pseudopolygnathid in the suggested 
development this genus from Spathognathodus aculeatus through 
Spathognathodus aculeatus nodosus. By removing the denticles from the inner 
side of the platform of a right form (outer side of a left form) a 'parental' 
Spathognathodus aculeatus could be obtained.
Material studied. 18 specimens 
Occurrence. PB.10 - PB.12
Catalogue numbers of the figured specimens. JW.172 - JW.173
Genus SPATHOGNATHODUS (Branson & Mehl, I9I+I) 
(Fig. 66)
1856 Ctenognathus Pander, p.32 (non.
ton 1900 Spathodus Boulenger, p.152.
193^ Spathodus Branson & Mehl, p.U6.
19^0 Pandorina Stauffer, p.^28.
Fairmaire, 18̂ -3, Soc. entomol. de 
France, Annales ser.2, v.l, p.13.
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194l Spathognathodus Branson & Mehl, p.98.
19^5 Mehlina Youngquist, p.363.
1959 Branmehla Hass, p.38l.
1959 Ctenognathus Fay, p.l95*(pro. Ctenognathus Pander).
1959 Pandorinella Hass, p.378-379*(pro. Pandorina Stauffer).
1962 Spathognathus (Bispathodus) Muller, p.ll4.
Type species by subsequent designation, Ctenognathus murchisoni Pander, 
I856. Klapper (1966), named Spathodus primus (Branson & Mehl, 1934a as 
the type species.
Diagnosis.
Branson &Mehl's (1934a) original description is as follows:-
"Compound, straight, blade-like dental units with nearly straight 
aboral margin, and oral margin curved or straight, but highest at 
or neat the anterior end. A short lateral expansion near mid-length 
produces on the otherwise comparitively sharp aboral edge, a cup-like 
expansion or navel, which ranges in shape from slightly elongate 
antero-posteriorly through circular to laterally elongate, either 
bilaterally symmetrical or asymmetrical in relation to the blade.
Oral edge or crest consisting of a single row of ’germ denticles' 
evident in transmitted light completely sheathed to form a continuous 
crenulate oral edge. Oral surface of mid-length, basal expansion, 
or navel typically smooth, but in some species bearing one or a few 
separate denticles".
This genus was originally named and described by Branson & Mehl in 
193*+ when it was called Spathodus. However, this generic name had already
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been given to a group of African fish (Boulenger 1900) and consequently 
these conodonts were renamed Spathognathodus by Branson & Mehl in 1941.
In the past there has been much confusion over the genus Spathognathodus. 
Stauffer (1940), introduced the genus Pandorina, but did not mention its 
striking similarity with Spathognathodus. Youngquist (19J+5), stated that 
his new genus Mehlina, "...resembles Spathognathodus Branson & Mehl but
differs in the absence of an escutcheon .....  Also the oral surface is
made up of projecting non-sheathed denticles rather than germ denticles
completely sheathed...".
Some authors, notable Muller & Muller (1957), have considered 
Spathognathodus a junior synonym of Ctenognafhus Pander (l856). These 
authors state also that certain species of Cteno^athus are synonymous 
with Mehlina sp. and Pandorina sp. (later called Pandorinellina Hass 
1959). The name Stenognathus was proposed by Pander (1856) for blade­
like conodonts with a flaring sub-central cavity situated on the aboral 
edge. Hass (1959) and Fay (1959) noted that Ctenognathus was used in 
1843 by Fairmaire for a species of Coleóptera and that this usage has 
priority over Pander. The name Ctenognathodus was suggested by Fay, but 
it was argued that Spathognathodus was now a more valid name. How, 
owing to the influence and example of Rexroad (1958), Rexroad & Scott
(1964), Bischoff and Ziegler (1957), an(̂  Ziegler (19 6 1, 1962), the name 
Spathognathodus has been retained and is followed by most authors.
as
Hass (1959) proposed a new genus, Branmehla, for several species 
assigned to Spathomnathodus and designated Spattognathodus ingnata 
the type species. Hass also stated that Branmehla and Spathognathodus 
differ in that the former has an aboral cavity toward the posterior end 
of the unit, and not in a sub-central position. Scott and Collinson
(19 6 1), have included Branmehla in the genus Spathognathodus for the 
following reason ... "Gnathodus Pander has the escutcheon located at the
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extreme posterior end of the unit. We do not think this criterion alone 
is sufficient for the erection of a new genus for forms intermediate between 
Spathognathodus and Gnathodus and we therefore consider Branmehla a junior 
synonym of Spathognathodus". Rexorad & Scott (1964) confirm their 
agreement with Ziegler over the validity of Spathognathodus, and also the 
inclusion of Branmehla as one of its synonyms.
That Spathognathodus had given rise to many other genera was pointed 
out by Branson & Mehl (1934a and 1941)> who stated that at more than one 
stage in the history of the genus there was a tendency for the migration 
of the aboral cavity to the posterior end of the blade. Muller (1962), 
also indicated that many platform genera developed from Spathognathodus 
as a result of several distinct morphological trends. The chief genera 
thought to be derived from Spathognathodus are:-
1. Gnathodus, derived by an increase in size, and a posterior migration, 
of the basal cavity.
2. Polygnathus, by the development of a posterior platform, illustrated 
by faunas from the Saverton of North America.
3. Bactrognathus, Rexroad & Scott (196^), suggest that Spathognathodus 
is the precursor of this genus.
4. Pseudopolygnathus, by the addition of denticles either side of the 
carina. The development can be seen in the Upper Devonian of Germany 
and Britain, including the Pilton fauna, (in the present study 
Spathognathodus and Pseudopolygnathus are distinguished by the number 
of denticles on the inner side of right forms or the outer side of 
left forms. If there is only a single node in this position the
specimen is called Spathognathodus aculeatus nodosa (new subspecies),
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if more than one, then it is called a pseudopolygnathid.
5- Scaphignathus, possibly developed from Spathognathodus (Austin 19 65).
6. New genus B, developed from Spathognathodus (Austin 1965).
7. Icriodus, Taphrognathus, Idiognathus & Ctenopolygnathus are all 















Spathognathodus aculeatus aculeatus Branson & Mehl, 1934 
(Pl.l, figs.la-3c; PI.4, figs.7a-7c)
Spathodus aculeatus Branson & Mehl; p.l86, pi.17» figs.11,l4.
Spathodus sulciferus Branson & Mehl; p.274, pi. 22, figs.12,13
Spathodus sulciferus Branson & Mehl: E.R. Branson; p.304,
pi.27, figs.15,20,22.
Spathodus duplidens Huddle; p.91> pi.12, figs.1-4.
Spathodus tridentatus E.R. Branson; p.307, pi.27, fig.26. 
Spathognathodus aculeatus (Branson & Mehl): Hass; p.134,135,140. 
Spathognathodus tridentatus (Branson E.R.): Sannemann; p.331.----------------- —  pi.24, fig.1 3 .
Spathognathodus aculeatus (Branson & Mehl): Hass; p.17,22,24. 
Spathognathodus tridentatus (E.R. Branson): Bischoff & Ziegler;
p.1 6 7, pl.1 3 , figs.1,2.
Spathognathodus aculeatus (Branson & Mehl): Klapper: P.1091.
------ ------------------- pl.l4l, fig.1 3 .
Spathognathodus aculeatus (Branson & Mehl): Helms; p.6 5 7, pi.3,
Fig.8.
Spathognathodus tridentatus (E.R. Branson): Helms; p.6 58, pi.3, ------ -------- . fig.7 .
Spathognathodus aculeatus (Branson & Mehl): Ethington, Furnish &
Wingert; p.766-7 6 7, pl.90, figs.5 ,9.
Spathognathodus tridentatus (Branson E.R.): Freyer; p.8 9, pi.6,
fig.150.












Spathognathodus tridentatus (E.R. Branson): Ziegler; p.3> pi.3,
fig.8 ,9 (preprint i960).
Spathognathodus sulciferus (Branson & Mehl): Ziegler; p.3, pi.3,
fig.7 , (preprint i960).
Spathodus (Bispathodus) aculeatus (Branson & Mehl): Muller; p.ll4.
Spathognathodus aculeatus (Branson & Mehl): Bouckaert & Ziegler;
p.17, pi.5, figs.1-4.
Spathognathodus aculeatus (Branson & Mehl): Klapper; p.24, pi.6,
------  figs.15-17.
Spathognathodus aculeatus (Branson & Mehl): Boogaert; p.l86, pi.3,
----  ' figs.15-17.
Spathognathodus aculeatus (Branson & Mehl): Wolska; p.425, pl.19,
figs.4-8.
Spathognathodus plumulus plumulus Rhodes, Austin & Druce; p.229,
pl.l, figs.la-2c,5 ,6.
Klapper (1966), states that forms referred to as Spathognathodus 
tridentatus E.R. Branson do not differ sufficiently from Spathognathodus 
aculeatus to warrant recognition as a separate species. The present author 
agrees that forms called ̂ S^athognathodns J^^identatus which occur in the 
Upper Devonian with Spathognathodus aculeatus, are indeed very similar to 
the latter. However, the forms which E.R. Branson originally called 
Spathognathodus tridentatus from the Hannibal Formation (Lower Carboniferous) 
must remain as a separate species, as present day evidence indicates that 
these forms are homeomorphs of Spathognathodus aculeatus,
Diagnosis.
Straight or gently curved unit with 2-5 lateral denticles in the anterior 
part of the mid-third of the element, which are incorporated into the oral 
surface. (Klapper (1966) states, that some specimens of ¡S. aculeatus may
have as many as seven lateral denticles.) The outline of the anterior 
blade is variable in shape. The bilaterally symmetrical aboral cavity is 
tear-shaped or sub-circular and is situated in the mid-third of the element.
Description.
In oral view the unit is straight or only gently curved, the curvature 
of the blade being diagnostic of whether the unit is a right or left form.
The anterior blade can have a variable outline and is composed of 
k - 6 denticles. The blade is high relative to the rest of the unit; the 
highest denticle may occur in several positions, (see Figures 67 a,b,c.).
(a) It may be central and vertical with the rest of the blade sloping 
away anteriorly and posteriorly, thus giving the blade a triangular 
outline.
(b) The highest denticle may be the most posterior of those of the anterior 
blade, in which case the denticles are nearly verticle, making an angle 
of 90° with the oral surface (as in type (a)).
The angle between the anterior margin of the anterior blade, and the 
margin of the aboral surface is variable in all types, (a), (b) & (c).)
(c) A few specimens show an anterior blade which has its most anterior 
denticles as the highest, and the remainder of the denticles of the 
blade slope away posteriorly, merging into the middle blade. Here
the angle between the anterior edge of the anterior blade and the aboral 
edge of the unit as a whole is a right angle.
The posterior blade is composed of 8-10 denticles which are discrete 
only at their tips, and which are smaller than the denticles of the anterior 
blade. Invariably these posterior denticles are highest anteriorly,
f igure: 6z
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becoming lower and smaller posteriorly.
The mid-third of the unit incorporates 2-5 lateral denticles into the 
oral surface. The blade or carinal denticles in this region are all fused, 
except in one or two specimens, but the lateral denticles are usually 
discrete. In some cases the lateral denticles are more ridge-like, in that 
they reach the carina and form a definate lateral platform. Other specimens 
show a distinct furrow between the carina and the lateral denticles, and, 
as a result a lateral platform is not such an obvious feature. If there 
are only two or three lateral denticles they occur parallel to the carina; 
if there are five they occur in a semi-circular or bow shaped pattern against 
the carina; if there are four, then they may occur in either of these two 
ways.
In lateral view the unit may be straight, although it is more often 
bowed in the posterior half. This bowing explains in part the way in which 
the denticles of the posterior blade slope down posteriorly.
In aboral view, the basal cavity occurs in the mid-third of the unit 
and is large and flared. Most of the specimens have a cavity which is 
widest at its mid-point, rounded anteriorly and slightly tapered posteriorly.
A few mature specimens show a more tear-shaped cavity as a result of antero­
posterior elongation. The juvenile forms of this species all have large 
flared cavities which are more open than those of their descendents, and 
which embrace a greater postion of the aboral surface. The aboral pit 
itself occurs in the anterior region of the flared cavity in mature specimens, 
and is small and slit-like. The pit of the juveline forms is much larger 
relative to the cavity.
This species is bilaterally asymmetrical, as the lateral denticles of 
right forms occur on the outer side, and those of left forms occur on the
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inner side. Thus a right form is not a mirror image of a left form.
Right and. left forms are recognised by the curvature of the axis of the 
individual specimen.
Remarks.
This species is distinguished by the presence of 2-5 lateral denticles 
on one side of the axis in the central third of the unit. However, as has 
been shown, the remainder of the element can show slight variation 
especially in the region of the anterior blade and basal cavity. Klapper 
(1958), states that Branson & Mehl compared Spathognathodus aculeatus with 
Spathognathodus sulciferus, but they noted that Spatho^athodus sulciferus 
had a thicker blade and longer navel. The author agrees and acknowledges 
that these two forms are not eonspecific for the same reason that 
Spathognathodus aculeatus and Spathognathodus tridentatus (from the 
Hannibal Formation) cannot be conspecific, but are homeomorphs (see p.203). 
There is also some further confusion concerning Spathognathodus sulciferus, 
in that two photographs (Branson & Mehl 193^b, pi.22, fig.13 and Branson E.R. 
193^3 pi.27, fig.20) designated as Spathpgnathodus sulciferus are more 
similar to S. costatus sninulicostatus than to S. aculeatus.
Certain specimens from the Pilton Beds exhibit a plume-like anterior 
blade and are identical to specimens from the Avon Gorge, illustrated by 
Rhodes, Austin & Druce 1969s which they named S. plumulus plumulus. All 
the spathognathodids recovered from the Avon Gorge displayed this feature, 
and Rhodes, Austin and Druce cited the plume-like blade and more elongate 
tear-shaped cavity as the morphologic features which distinguished 
S. plumulus from S. aculeatus (Branson & Mehl). Specimens from the Pilton 
Beds, which have this anterior plume, can display either type of cavity,
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tear-shaped or the more typical sub-circular cavity of _S. aculeatus.
It is difficult to agree that the Avon Gorge spathognathodids should 
warrant a new specific name on the basis of these small differences, but 
maybe there is a case for sub-specific distinction. The specimens of 
S. aculeatus. from the Pilton Beds and the Avon Gorge, which have a plume­
like anterior blade should be called Spathognathodus aculeatus plumulus, and 
those from the Pilton Beds without this characteristic, Spathognathodus 
aculeatus aculeatus. The one problem that does arise is that £>. aculeatus 
aculeatus of the Pilton Beds would become synonymous with S. aculeatus of 
of Europe and the North American continent. It is believed that 5. aculeatus 
plumulus developed from S. aculeatus aculeatus in the uppermost Devonian.
Material studied. 139 specimens.
Occurrence. PB.2 - PB.35
Catalogue numbers of the figured specimens. JW.100, JW.101, JW.102, JW.1^5
Spathognathodus aculeatus nodosus (Rhodes, Austin & Druce, 1969)
(PI.2, figs.8a-11c; PI.3, figs.la-c)
1969 Spathognathodus plumulus nodosus Rhodes, Austin & Druce, p.230,
pl.l, figs.3a-i+c.
Diagnosis.
This subspecies is identical to Spathognathodus aculeatus except that 




In lateral view the unit is straight or slightly curved. If curved, it 
is the posterior half of the aboral edge which shows this curvature, the 
anterior half being straight. The oral edge is denticulate with twenty or 
more itised denticles, discrete only at their tips. The anterior third of 
the blade is higher than the rest and the denticles are larger, but still 
almost entirely fused. The mid-third of the blade is lower and straight, 
while the posterior third slopes down gradually to the posterior extremity.
The anterior blade can assume a variety of shapes from triangular to plume­
like.
Orally the element is straight or only gently curved, so that in most 
cases it is difficult to determine right and left forms. However, this 
sub-species appears to be bilaterally asymmetrical, the single node occurring 
on the inner side in right forms and on the outer side in left forms. The 
number of lateral denticles on the opposite side of the blade is usually 
3-5, although one specimen has 6. The single node occurs centrally on the 
oral expansion of the basal cavity, although an exception to this is seen 
when it is found on the posterior edge of this expansion. Relative to the 
row of lateral denticles on the other side of the blade, the node occurs 
approximately opposite the mid-point. A few or all of the lateral denticles 
attain the same height as the blade denticles, but the single node is always 
much lower than the blade. Smaller forms, assumed to be juveniles, show 
only a very small projection on the side of the blade, whereas mature 
specimens have a distinct gap between the blade and the node.
The basal cavity is situated in the mid-third of the unit and is sub- 
circular, rounded anteriorly and tapered posteriorly. In more mature 
forms with a well developed node, that side of the cavity aboral to the
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node is expanded, so that the usually sub-circular outline is distorted. 
Remarks.
This sub-species is believed to have enolved from S. aculeatus s.s. 
by the addition of a  single node on the opposite side of the blade from the 
main group of lateral denticles. It is particularly significant in the 
Lower Pilton fauna as it appears to be the intermediate form through which 
the genus Pseudopolygnathus developed from Spathognathodus S. aculeatus 
nodosus is taken as the penultimate stage in the development of 
Spathognathodus before it gave rise to Pseudopolygnathus, and thus all those 
forms with more than one denticle on this side of the blade are considered 
as members of the latter genus. The ultimate stage is represented by 
S. aculeatus nodosus which bears a ridge posterior to the single node. It 
is of course a point of conjecture as to whether or not such forms as these 
should in fact be called spathognathodids or pseudopolygnathids. A more 
detailed description of this possible transition is included in the 
description of the genus Pseudopolygnathus (p. 1 7 8 ).
The majority of these specimens from the Pilton Beds were incomplete, 
lacking the anterior and/or posterior blades.
Material studied. 15 specimens
Occurrence. PB.2 - PB.27
Catalogue numbers of the figured specimens. JW.115, 116, 117, l k 6 , 137











Spathodus irregularis E.R. Branson; p.307, pi.27, fig. £5 
Spathodns aculeatus Branson & Mehl; p.l86, pi.17, figs.11,14
Spathognathodus irregularis (E.R. Branson); Thomas; p.4l2, pi.2,
fig. 32.
Spathognathodus sulciferus (E.R. Branson); Ziegler; p.3, pi.3,
fig.7.
Spathognathodus tridentatus (E.R. Branson): Ziegler; p.3 , pi.3 ,
figs. 8,9.
Spathognathodus aculeatus (Branson & Mehl): Ziegler; p.105-106,
pi.13, figs.27-36.
Spathognathodus plumula Austin; p.358, pl.l, figs.14-23,26,27.
Spathognathodus plumulus plumulus Rhodes, Austin & Druce; p.229,
pl.l, figs.la-2c,5,6.
Diagnosis.
Straight or gently curved unit with 2-5 lateral denticles in the mid- 
third of the element. The outline of the anterior blade in lateral view 
is plume-like. The aboral cavity is tear-shaped or sub-circular in outline 
and is situated in the mid-third of the element also.
Description.
The description ofthis sub-species is identical to that of £>. aculeatus 
aculeatus except for the nature of the anterior blade. Figure 67d 
illustrates the plume-like anterior blade which characterises these forms.
The highest denticle of the blade is commonly the second from the posterior 
end, and all the denticles are inclined posteriorly, making an angle of 
70°-80° with the oral edge of the middle blade; this gives a plume-like 
outline typical of forms such as Scaphignathus. The blade denticles to the




These specimens are identical to _S. plumulus plumulus Rhodes, Austin & 
Druce (1969). For reasons cited earlier it is suggested that the name 
S. aculeatus plumulus be used in preference to the name given to these forms 
by Rhodes et al. S. aculeatus plumulus is distinguished from _S. aculeatus 
aculeatus by the shape of the anterior blade. This subspecific distinction 
preserves the stratigraphic usefulness of both groups and yet also indicates 
their genetic affinities and morphologic similarities.
Material studied. kk specimens 
Occurrence. PB.2 - PB.27
Catalogue numbers of the figured specimens. JW.103-dW.106, JW.136
Spathognathodus anteposicornis Scott. 1961 
(Pl.l, figs.9a-9c; PI.2, figs.la-3c)
1961 Spathognathodus n.sp. A. Scott & Collinson; p.132, pl.l, figs.12-15.
1961 Spathognathodus anteposicornis Scott; p.1224, fig.2h-k.
1965 Spathognathodus anteposicornis (Scott); Austin; p.339) pi.4, figs.22a,b.
1969 Spathognathodus anteposicornis (Scott): Rhodes, Austin & Druce;
p.y+2, pi.3, figs.5a-8b.
Diagnosis.
Scott & Collinson’s (19 6 1) original description was as follows; "This 
distinctive species of Spathognathodus is characterised by the presence of 
a single, well-developed lateral denticle on the inner side of the -unit 




The unit is 2 to 2.5 times as long as high and straight or only slightly 
bowed laterally. In lateral view the oral surface in the mid-third is
straight, rising abruptly to the anterior and falling away gradually to the 
posterior. The denticles of the oral surface are fused for the greater 
part of their length, only their tips being discrete. The anterior third 
of the blade is the highest, bearing h denticles, the third from the anterior 
edge being the largest. A single horn-like lateral denticle is developed 
on the inner side of the blade, immediately anterior to the basal cavity.
The basal cavity is situated in the mid-third of the unit and is widely 
flared, (relative to the thickness of the blade itself), slightly longer than 
wide, and the lips of the cavity are also flared. The only difference 
observed between the Pilton specimens and those from the Louisiana Limestone 
Formation, (Scott, 1961; Scott & Collinson, 1961), is that the denticles 
comprising the anterior blade of the Pilton forms are higher and more acutely 
curved posteriorly, giving a plume-like outline.
Orally the unit is straight or only gently bowed, and therefore it is 
difficult to differentiate right and left forms.
Remarks.
This species is characteristic of the Gnathodus n.sp.A Assemblage Zone 
of North America, and common in the conodont faunas of the Louisiana Limestone 
Formation, (Collinson, Scott & Rexroad, 1962, p.17-19). Scott (1961) noted 
that faunas from the overlying Glen Park and Hannibal, and the underlying 
Saverton Formations contain spathognathodids with one lateral denticle, but
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these forms do not have the denticle to the anterior of the basal cavity. 
Austin (1965), first recorded the occurrence of Spathognathodus 
anteposicornis in Western Europe, in the Carboniferous rocks of the Avon 
Gorge. However, in the Avon Gorge, the species is not confined to the 
horizons equivalent to the Gnathodus n.sp.A Assemblage Zone of North 
America. This is explained by the belief that a number of straight 
bladed spathognathodids developed a lateral denticle, anterior tc the 
basal cavity, and that this development took place at many stratigraphical 
horizons. The Pilton and Avon Gorge specimens of this species also 
differ slightly in that the anterior blades of the former are more plume­
like.
Material studied. 6 specimens 
Occurrence. PB.2 & PB..23
Catalogue numbers of the figured specimens. JW.107 - JW.109, JW.1^0
Spathognathodus costatus group
Spathognathodus ̂ ositatus was first described by E. R. Branson (193^0 
from the Hannibal Formation where it was originally called Spathodus costatus. 
The species was diagnosed thus:
"On the inner side of the blade there is a row of about 8 denticles, 
some short and peg-like, others broad and formed by the union of two 
peg-like ones to give the blade, in superior view, a cross-ridged 
rather than a denticulate appearance".
21k
EVOLUTION OF SPATHOGNATHODUS COSTATUS
To fully understand the development of this species, a resume of its 
position in the evolutionary pattern of the spathognathodids is required. 
Throughout the Upper Devonian and Lower Carboniferous, Spathognathodus 
costatus has been identified at several horizons. In West Germany,
Ziegler (1962) noted the occurrence of Spathognathodus costatus in the 
toVI Wocklumeria Zone of the Upper Devonian. In this zone he described 
an evolutionary sequence from Spathognathodus aculeatus to Spathognathodus 
costatus by the development of more lateral denticles, on the same side of 
the blade. Ziegler also subdivided Spathognathodus costatus into three 
sub-species; Spathognathodus costatus costatus, (renamed Spathognathodus 
bischoffi Rhodes, Austin & Druce, 19&9 ) , Spathognathodus costatus 
spinulicostatus, (renamed Spathognathodus ziegleri Rhodes, Austin & Druce, 
1969), and Spathognathodus costatus ultimus, and showed that the 
evolutionary sequence was continued through these sub-species terminating 
in Spathognathodus costatus ultimus.
In North America, E.R. Branson (193*0 described Spathognathodus 
costatus from the Hannibal Formation (Lower Mississippian) and Austin 
(person communication) reports seeing forms identical to Spathognathodus 
costatus costatus Ziegler (Spathognathodus bischoffi), from the Saverton 
Formation at Atlas South, North America, Upper Devonian. Austin (1965), 
also describes Spathognathodus costatus from the Upper K and Lower Z Zones 
of the Lower Carboniferous of the Avon Gorge. Spathognathodus costatus 
is also recorded from the Lower Pilton Beds and these beds are interpreted 
as youngest Wocklumeria Zone age, equivalent to the Upper costatus Zone 
of Germany. Therefore, Spathognathodus costatus occurs at two stratigraphic
levels; in the Wocklumeria Zone of the Upper Devonian, and in
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the Lower Mississippian (see Figure 68).
Like Ziegler, Austin (1965) saw an evolutionary sequence in the 
spathognathodids from the Avon Gorge. The sequence ran from a straight 
bladed spathognathodid through Spathognathodus plumula (herein renamed 
Spathognathodus aculeatus plumulus) to Spathognathodus costatus.
In the Hannibal Formation of North America, an evolutionary sequence 
can also be identified, from a straight bladed spathognathodid through 
Spathognathodus tridentatus and/or Spathognathodus sulciferus, to 
Spathognathodus costatus. (Two published photographs of Spathognathodus 
sulciferus (Branson & Mehl, 193*rt>, pi.22, fig.13; and E.R. Branson, 1934 
pi.27, fig.20), are identical to Spathognathodus spinulicostatus 
(E.R. Branson),) The latter species has now been renamed Spathognathodus 
costatus sulciferus Rhodes, Austin & Bruce, 1969.
By the addition of lateral denticles on the opposite side of the 
blade these sequences can be carried a stage further.
(a) In the Lower Z of the Avonian, Spathognathodus spinulicostatus
(Spathognathodus costatus sulciferus) developed from Spathognathodus 
costatus.
(b) In the Hannibal Formation of North America, the Spathognathodus 
spinulicostatus of E.R. Branson (Spathognathodus costatus sulciferus), 
developed from Spathognathodus costatus. Unfortunately, Branson (193*0 
does not give the stratigraphic ranges for these species in his 
publication.
(c) Ziegler noted the development of Spathognathodus costatus spinuli­
costatus (Spathognathodus ziegleri) from Spathognathodus costatus 
costatus (Spathognathodus bischoffi) in the toVI Wocklumeria Zone of West
Germany.
1BL. EVOLUTION OF 
LOWER $
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In the Lower Pilton Beds, Spathognathodus aculeatus, Spathognathodus 
bischoffi and Spathognathodus ziegleri have been identified, although here 
all three forms occur at the same horizons and hence there is no obvious 
evolutionary sequence observed.
Voges (1959, p.296, fig.4; p.297, fig.5), considered there to be a
second evolutionary trend whereby Pseudopolygnathus dentilineata developed 
from Spathognathodus costatus, in the lower Cul Zone cf the Carboniferous 
of Saurland. Branson & Mehl (193^), also considered a series of their 
specimens from the Bushberg Sandstone to be transitional between 
Spathognathodus and Pseudopolygnathus. Austin (1965)? recorded three 
developments of Pseudopolygnathus in the Avon Gorge, and stated that all 
three originated from straight bladed spathognathodids with lateral denticle
A similar development between Spathognathodus and Pseudopolygnathus 
is found in the Pilton Beds of North Devon, but once again it is less 
obvious than in the localities mentioned above. Nevertheless, a new 
subspecies, S. aculeatus nodosus, has been erected as an intermediate 
between Spathognathodus aculeatus and Pseudopolygnathus dentiliniata.
It has been shown the Spathognathodus costatus has developed at 
several periods during the Upper Devonian and Lower Carboniferous, and 
the results of these developments are recognised as homeomorphs. It 
has been concluded that the Spathognathodus costatus of the Hannibal,
Avon Gorge and Wocklumeria Zone are similar but unrelated, as they have 
different ancestries. This also implies that Spathognathodus tridentatus, 
Spathognathodus aculeatus and Spathognathodus plumula are homeomorphs.
Straight bladed spathognathodids developed lateral denticles at many
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stratigraphic levels, e.g.
(a) Spathognathodus aculeatus in the Upper Devonian of North America 
(Grassy Creek Shale-Branson & Mehl, 193̂ -c; Saverton Formation - 
Collinson, Scott & Rexroad, 1962).
(b) Spathognathodus aculeatus.in the Upper Devonian of West Germany 
(Wocklumeria toVI-Ziegler, 1962; Bischoff, 1957), and in the 
Upper Devonian of Great Britain (Pilton Beds - Present Study).
(c) Spathognathodus plumula in the Lower Carboniferous of Great Britain 
(Avon Gorge - Austin, .1965) •
(d) Spathognathodus tridentatus & Spathognathodus sulciferus in the Lower 
Mississippian of North America. (Hannibal Formation - Branson, 193M-
(e) Spathognathodus tridentatus & Spathognathodus sulciferus in the Upper 
Devonian of Germany (Ziegler, 1962c (preprint i960); Helms, 1959).
In the Pilton Beds both the Spathognathodus aculeatus plumulus and 
Spathognathodus aculeatus aculeatus development occurs. The result of the 
investigation conducted in the Lower Pilton Beds indicate that these two 
forms are very similar but simply distinguished. The fact that both occur 
together suggests that Spathognathodus aculeatus pluroulus evolved from 
Spathognathodus aculeatus aculeatus and hence is not its homeomorph but its 
direct descendent. Since the range of Spathognathodus aculeatus plumulus 
must be extended down into the Upper Devonian, there is now no gap between 
the extinction of Spathognathodus aculeatus Branson & Mehl and development 
of Spathognathodus plumula Austin and consequently no grounds to consider 
them as products of two isolated developments. The recognition of the 
two forms as subspecies, acknowledges the slight differences between the 
two and preserves their stratigraphic significance.
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Klapper (1966) considers Spathognathodus aculeatus as a synonym of 
Spathognathodus tridentatus. However, the present author believes
Spathognathodus tridentatus from the Hannibal formation to be a near- 
homeomorph of Spathognathodus aculeatus.
The slight differences which occur between the forms discussed above 
can be summarised as follows:
(a) Spathognathodus plumula (Spathognathodus aculeatus plumulus) has a 
plume-like anterior blade.
(b) Spathognathodus tridentatus has a narrower basal cavity than jS. aculeatus 
(S. aculeatus aculeatus).
The same discussion that was applied to Spathognathodus aculeatus applies 
to S. costatus and S. spinulicostatus (S. costatus sulciferus).
S. bischoffi and _S. ziegleri from the Pilton Beds are the same as those 
found by Ziegler in West Germany. The fact that these two species are not 
found in the Lowermost K of the Avon Gorge may be due to one of two factors. 
Firstly, this may be due to the fact that only a few individuals of these 
species represented the lineage in the Lower K, before they became more 
common in the Upper K and Lower Z, and that sampling has not revealed them. 
Secondly, the representatives of these species are not the same stock as 
the forms similar to them in the Upper K, and that the forms in the Upper 
K developed independently from Spathognathodus plumula (S. aculeatus 
plumulus) after the extinction of S>. bishoffi and S. ziegleri, as was 
suggested by Austin (1965)*
The second hypothesis is prefered, the names £>. costatus and £>. costatus 
sulciferus being attributed to the Upper K forms, which are considered
homeomorphs ofjS. bischoffi and S. ziegleri. There are morphological
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differences between these forms and consequently they are not homeomorphs 
in the true sense of the word, but rather near-homeomorphs. However, it 
is further proposed that the S. costatus development in the Hannibal 
Formation origninated from yet another independent source, SL tridentatus, 
and the resultant forms, which are identical to the Upper K forms, are 
true homeomorphs of the Spathognathodus development in the Avon Gorge.
All three independent developments of forms previously all called 
S. costatus has caused some confusion for the simple reason that they had 
the same specific name. This problem has been remedied in part by Rhodes, 
Austin & Druce (1969) in that they have proposed the new specific name 
S. bischoffi for the Upper Devonian forms.
Spathognathodids which may have initiated these evolutionary develop­
ments include S. crassidentatus, Spathognathodus .aciedentatus and S. 
strigosus. S. anteposicornis, which is common in the Louisiana Limestone 
and is also found in the Pilton Beds and the Avon Gorge, is believed to be 
a further intermediate form (in the Upper Devonian evolutionary sequence) 
between the original straight bladed spathognathodid and _S. aculeatus.






Spathodus costatus E.R. Branson; p.303, pi.2 7, fig. 13
Spathodus costatus (E.R. Branson): Branson & Mehl; pi . 33 fig 1
Spathognathodus costatus (E.R. Branson): Thomas; pi.4, fig.10












1957 Spathognathodus costatus (E.R. Branson): Bischoff; p.56, pi.4, ------------------------  fig. 28.
Spathognathodus costatus (E.R. Branson): Flügel & Ziegler; pl.l,
figs.1 5,18.
Spathognathodus costatus (E.R. Branson): Helms; pi.3, figs.2-4.
Spathognathodus cf. S. costatus (E. R. Branson): Voges; p.296,297,
pi.34, figs.47,48.
Spathognathodus costatus costatus Ziegler; p.107, pi.4, figs.1-6,8-10.
Spathognathodus costatus costatus (Ziegler): Higgins, Wagner-Gentis &
Wagner; pi.5, fig.21.
Spathognathodus costatus (E.R. Branson): Austin; p.350, pl.l, fig.11;
pi.2, fig.6,7,9; pl.J+, figs.10a,b,15, 
16,23.
Spathognathodus costatus costatus (E.R. Branson): Wolska; p.426,
---------------------- pl.19, figs.9-12.
Spathognathodus costatus (E.R. Branson); Ĵ3. costatus costatus
(Ziegler); van Adrichem Boogaert; 
p.l86, pi.3, figs.20,22a.
Spathognathodus bischoffi Rhodes, Austin & Bruce; p.223, pi.4,
— 1;----8-------- - “ figs. la-4c.
Diagnosis.
This spathognathodid has a parallel row of lateral denticles, developed 
one one side of the blade, from the middle of the anterior half to the 
posterior extremity. These denticles may occur as transverse ridges, 
uniting with the blade. The basal cavity is elongate and usually sub- 
circular; it is rounded anteriorly and pointed posteriorly. The cavity is 
located in the posterior two-thirds of the unit.
Description.
In lateral view this spathognathodid is straight or only gently bowed, and 
if bowed then it is the posterior portion of the unit which shows this feature, 
the anterior portion being straight. The anterior blade is the highest part
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of the specimen, comprising 3-^ distinct denticles. From the anterior, the 
unit slopes down to the mid-third, where it is straight, and then slopes down 
again to the posterior tip.
In oral view the blade is seen to be curved and it consists of 12 to 20 
denticles (depending on the size of the specimen), all of which are fused 
except for those 3 or 4 comprising the anterior blade, and these are discrete 
only at their tips. A row of lateral denticles is developed on one side of 
the blade (outer side of right forms, inner side in left forms) running 
parallel with the blade for approximately three-quarters of its length. The 
denticles occur from a point coinciding with the posterior end of the 
anterior blade, to the posterior extremity of the unit. The number of 
lateral denticles ranges from 8 to 15» and they can occur as isolated nodes, 
transverse ridges, or a combination of both. Transverse ridges are most 
common in the larger specimens, giving a rib-like effect to the unit. When 
this ribbing is developed, the individual ribs are longest at mid-length.
The basal cavity is large and elongate, rounded anteriorly and pointed 
posteriorly. It is asymmetrical, the outer edge of the cavity showing a 
distinct fold, whereas the inner edge tapers gradually from the anterior to 
the posterior. One exception to this general rule is seen, and in this 
specimen the cavity is subrounded, and restricted to the mid-third. Juvenile 
forms do not show clearly, this characteristic basal cavity.
Remarks.
A detailed discussion of _S. costatus has been given earlier (p.213).
_S. costatus costatus Ziegler, has been renamed j3. bischoffi by Rhodes, Austin 
& Druce, and this underlines the slight differences between S. costatus Branson, 
and the near-homeomorphic £>. costatus costatus Ziegler.
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Material studied. 27 specimens 
Occurrence. PB.IO - PB.36
Catalogue numbers of the figured specimens. JW.111-JW.113, JW.ll+9
Spathognathodus strigosus (Branson & Mehl, 1934) 
(P1.3, figs.2a-7c)










(Branson & Mehl): Thomas; pi.4, fig.15,
pi.2, fig.19.
(Branson & Mehl): Thomas; pi.2, fig.21.
(Branson & Mehl): Bischoff & Ziegler; 
p.l67, pi.13, fig.15.
(Branson & Mehl): Ziegler; p.111-112,
pi.12, figs.21-23.
(Branson & Mehl): Austin; p.376-377, 
pi.2, fig.10.
(Branson & Mehl): Bouckaert & Ziegler; 
pi.5, fig.8.
(Branson & Mehl): Wolska; p.1+28, pi.XVIII, 
figs.9-15
Diagnosis.
A straight-bladed spathognathodid with oral denticles of the same height 
for approximately half its length, but lower at the posterior end and 
distinctly higher at the anterior end of the blade. The posterior half of 
the aboral edge is prominently arched. The basal cavity is long and narrow 
centred on a point just anterior of mid-length.
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Description.
Laterally the blade (which is 2 to 2.5 times as long as high) has a 
distinctive outline. The oral margin is dominated by three or sometimes four 
high anterior denticles. The oral denticles of the blade posterior to these 
are lower and attain an approximately equal elevation, apart from those in 
the posterior quarter which slope downward to the posterior extremity.
The number of oral denticles ranges from sixteen to twenty-four, and all, 
including those of the high anterior postion, are fused for the greater part 
of their length, only their tips being discrete.
The aboral edge is straight from the anterior margin to a point just 
anterior of mid-length, it then arches to the posterior tip. The anterior 
margin and aboral margin meet at right angles.
In oral view the blade is thin and straight but occasionally it is 
gently curved.
The basal cavity is long, narrow and symmetrical, more tapered 
posteriorly than anteriorly. i-s centered on a point just anterior of
the mid-length of the unit, and occupies one third of the length of the 
aboral margin. The edge of the basal cavity has small lateral lips.
Remarks.
This species is very similar to Spathognathodus aciedentatus E.R. Branson, 
and Spathognathodus denticulatus E.R. Branson, but Spathognathodus aciedentatus 
does not have the characteristic aboral outline of Spathognathodus strigosus. 
The original descriptions of Spathognathodus denticulatus E.R. Branson arid 
Spathognathodus strigosus Branson & Mehl are almost identical. The main 
distinction which arises from these descriptions is that Spathognathodus
denticulatus has denticles in the anterior third which are much longer than
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those of the rest of the unit, and which are slightly pointed and discrete 
to near their bases, whereas Spathognathodus strigosus has only a gradual 
ascent of oral denticles toward the anterior end.
The Pilton forms have much higher and larger denticles at the anterior 
end, but they are not discrete. Ziegler (1962) and Bouckaert and Ziegler
(1965) name forms identical to those from the Pilton Beds as Spathognathodus 
strigosus, and the interpretation of these authors has been followed in this 
thesis.
Material studied. 31 specimens
Occurrence. PB.2 - PB.16
Catalogue numbers of the figured specimens. JW .128 - JW.130, JW.133,
JW.13^, JW.139






Spathodus spinulicostatus E.R. Branson; p.305, pi.27, fig.19
( -  5 . sulciferus)
Spathognathodus spinulicostatus (E.R. Branson): Bischoff & Ziegler;
----------  P.167, pi.1 3, fig.7 .
Suathognathodus spinulicostatus spinulicostatus (E.R. Branson)
-*■------------ - Ziegler, in Flügel & Ziegler;
fig.'lU. p.l,
Spathognathodus spinulicostatus spinulicostatus (E.R. Branson): 
------““ Helms; pi.3, figs.12a & b.
Spathognathodus spinulicostatus spinulicostatus (E.R. Branson): 




19Ö2 Spathognathodus costatus spinulicostatus (E.R. Branson): Ziegler;
pTlOÖ, pi. 1̂+ , figs. 11-18.
non 1965 Spathognathodus spinulicostatus (E.R. Branson): Austin; pl.l,
figs.10,12.
1967 Spathognathodus costatus spinulicostatus (E.R. Branson): Wolska;
p"."427, pi. 19, figs. 13-16.
1967 Spathognathodus costatus spinulicostatus (E.R. Branson): Boogaert;
pi.3, figs.23,2t-,
1969 Spathognathodus ziegleri Rhodes, Austin & Druce; p.238, pl.t,
figs.5a-8d.
Ron 1969 Spathognathodus costatus sulciferus Rhodes, Austin & Druce, p.266,
pi.3 , figs.I6a-l8c.
Diagnosis.
This species has a row of lateral denticles running parallel to the 
blade for over three-quarters of its length, as does its related species 
Spathognathodus bischoffi. However, in addition there is a shorter second 
row of denticles on the opposite side of the blade in the posterior quarter 
of the unit. The lateral denticles occur as ribs, the majority of which 
reach the main blade, giving the species a ladder-like oral appearance.
The basal cavity is large and asymmetrical, occupying the posterior half 
of the element.
Description.
Laterally, the element is seen to be four times as long as high. The 
oral edge is highest at the anterior, where three small triangular denticles 
are visable. The oral outline falls away very gently, and the denticles 
are completely fused to the mid-point. At mid-point the outline rises 
gently and denticulation is visible once more. The second highest point 
of the oral edge is found in the middle of the posterior third, and then 
it falls away to the posterior extremity. From the middle of the posterior
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third, to the posterior tip the denticles of the main blade are surpassed in 
height by the lateral denticles. The anterior edge is three times as high 
as the posterior edge. The aboral outline in lateral view is straight and 
the angles made between the anterior and aboral edges, and the posterior 
and aboral edges, are approximately 90° in both cases.
Orally, the element appears flat. The free anterior blade is a 
quarter of the total length of the unit. On one side of the blade a row 
of lateral denticles occurs, running from a point immediately behind the 
anterior blade to the posterior extremity. These denticles are rib-like, 
the majority of them reaching the blade. The ribs are longest in the 
mid-third of the unit. In the posterior quarter of the element, the 
denticles of the blade are smaller and less uniform in distribution, and 
a second row of lateral denticles is initiated on the opposite side of the 
blade. Hence, the posterior quarter shows three rows of denticles, the 
middle half shows two, and the anterior quarter one row of denticles 
(the free anterior blade). The element is widest in the posterior third, 
as here the flared lips of the basal cavity are to be found. The unit is 
3.5 times as long as broad.
Aborally the conodont is gently curved. The basal cavity is wide and 
flared, occurring in the posterior half of the unit. The cavity is 
asymmetrical, the inner half being sub-semicircular and the outer half 
showing a distinct fold. It is pointed anteriorly and posteriorly, but 
the cavity is more tapered posteriorly where it extends to the posterior 
extremity.




This species was previously called Spathognathodus costatus 
spinulicostatus by Ziegler (1962), and has recently been renamed 
Spathognathodus ziegleri by Rhodes, Austin & Druce (1969), the name being 
in honour of Dr. W. Ziegler. The new name aids in distinguishing this 
species from Carboniferous forms which are very similar in appearance, 
but are near-homeomorphs of Spathognathodus ziegleri. (See discussion 
of Spathognathodus costatus.)
Forms previously called Spathognathodus (costatus) spinulicostatus 
had been named incorrectly for many years. Branson & Mehl and E.R. Branson 
(193*0 both figured specimens which they named Spathognathodus sulciferus which 
are identical to Spathognathodus (costatus) spinulicostatus, and hence, the 
name Spathognathodus (costatus) sulciferus should have had priority, and now 
has. This name applies only to the Carboniferous forms. Thus the 
completely new terminology proposed by Rhodes, Austin & Druce 1968, clarifies 
the problem.
Material studied. 1 (one) specimen.
Occurrence. PB.35
Catalogue number of the figured specimen. JW.121
Spathognathodus (transitional)
Forms transitional between Spathoppnathodus bischoffi 
and Spathognathodus ziegleri
(P1.3, figs.9a-10c; PI.4, figs.la-6c, 8a,b)
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1959 .Spathognathodus jugosus (Branson & Mehl): Hass; pi.50, fig.15
Diagnosis.
These forms are considered to be intermediate between Spathognathodus 
bischoffi Rhodes, Austin & Druce and Spathognathodus ziegleri Rhodes, Austin & 
Druce. In oral view they show the initiation of a third row of denticles 
in the posterior third, but the alignment of the three rows differs from 
that of _S. zeigleri, in that they are offset.
Description.
Laterally these forms have an almost straight oral outline for the 
greater part of their length, but in the posterior third this outline 
falls gradually to the posterior tip. Denticulation is most prominent in 
the posterior half of the oral edge in most specimens. The aboral edge 
is also generally straight or sometimes gently undulating.
Aborally these forms have a large basal cavity which is situated in 
the mid-third of the unit. The shape of the cavity varies from sub- 
circular, through tear-shaped to sub-triangular, also the cavity can be 
bilaterally symmetrical or asymmetrical. All the cavities are more 
rounded anteriorly and more tapered posteriorly.
In oral view these forms expost two rows of denticles running 
sub-parallel for almost the entire length of the unit, as does _S. bischoffi. 
However, at a point approximately corresponding to the beginning of the 
posterior third of the element, a third row of denticles is initiated.
Unlike _S. zeigleri this third row of denticles may or may not extend to 
the posterior tip of the unit, if it does so, however, the other two rows 
will fail to reach the posterior extremity. In most cases this third row
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of denticles is developed between the blade and the main lateral row, and 
not on the opposite side of the blade from the main lateral row, as in 
— • zeigleri. In other forms the three rows develop and immediately the 
blade becomes sharply kinked, with the result that the main lateral row 
dies out before it reaches the posterior tip, its position occupied by the 
realignment of the blade denticles.
Remarks.
Of the specimens found which have been allocated to this group, no 
two are the same. They vary in the number of denticles and in the pattern 
of their denticle rows. The basal cavities also vary considerably. The 
one feature that they all have in common is that three rows of denticles 
occur somewhere in the posterior third. In no case do the denticles of 
these forms attain the typical alignment characteristic of £5. zeigleri, 
nor can the forms be assigned to _S. bischoffi because of the presence of a 
third row of denticles. In the position of intermediate forms it would 
be expected that a great deal of variation would be shown in the elements 
assigned to this group.
The anterior blades of the members of this group were missing in most 
cases, but they are similar to those of £>. zeigleri.
Material studied. 11 specimens 
Occurrence. PB.10 - PB.35
Catalogue numbers of the figured specimens. JW.119j JW.122 - JW.127,
JW.1̂ 3, JW.1M+
It was hoped that these spathognathodids would show an increasing
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similarity with Spathognathodus zeigleri from the older to the younger 
Pilton Beds, but no such trend was observed in either the denticulation 
or position and shape of the basal cavity.
EXPLANATION OF PLATE 1
(all figures x 271)
Spathognathodus aculeatus aculeatus Branson & Mehl
Fig. la Lateral view of specimen JW.100 
b Oral view of specimen JW.100 




Lateral view of specimen JW.101 
Oral view of specimen JW.101 




Lateral view of specimen JW.102 
Oral view of specimen JW.102 
Aboral view of specimen JW.102 Sample PB.9




Lateral view of specimen JW.103 
Oral view of specimen JW.103 




Lateral view of specimen JW. 104- 
Oral view of specimen JW.104 




Lateral view of specimen JW.105 
Oral view of specimen JW.105 




Lateral view of specimen JW.106 
Oral view of specimen JW.106 




Lateral view of specimen JW.136 
Oral view of specimen JW.136 






Lateral view of specimen JW.107 
Oral view of specimen JW.107 
Aboral view of specimen JW.107 Sample PB.2

EXPLANATION OF PLATE 2





Lateral view of specimen JW.108 
Oral view of specimen JW.108 




Lateral view of specimen JW.109 
Oral view of specimen JW.109 




Lateral view of specimen JW.140 
Oral view of specimen JW.140 
Aboral view of specimen JW.140 Sample PB.13
Spathognathodus bischoffi Rhodes, Austin & Druce
Fig. 4a Oral view of specimen JW.lll
b Aboral view of specimen JW.Ill 




Oral view of specimen JW.112 
Aboral view of specimen JW.112 




Oral view of specimen JW.113 
Aboral view of specimen JW.113 




Oral view of specimen JW.149 
Aboral view of specimen JW.Ì49 
Lateral view of specimen JW.149 Sample PB.l4




Oral view of specimen JW.115 
Lateral view of specimen JW.115 




Lateral view of specimen JW.116 
Oral view of specimen JW.116 




Oral view of specimen JW.117 
Aboral view of specimen JW.117 




Oral view of specimen JW.146 
Lateral view of specimen JW.146 
Aboral view of specimen JW.146 Sample PB.9

EXPLANATION OF PLATE 3
(all figures x 27.1)




Oral view of specimen JW.137 
Aboral view of specimen JW.137 
Lateral view of specimen JW.137 Sample PB.2
Spathognathodus strigosus (Branson & Mehl)
Fig. 2a 
b
Lateral view of specimen JW.128 
Oral view of specimen JW.128 Sample PB.Ì+




Lateral view of specimen JW.130 
Oral view of specimen JW.130 




Lateral view of specimen JW.133 
Oral view of specimen JW.133 




Lateral view of specimen JW.13^ 
Oral view of specimen JW. 13̂ + 




Lateral view of specimen JW. 139 
Oral view of specimen JW.139 
Aboral view of specimen JW.139 Sample PB.1+




Oral view of specimen JW. 121 
Lateral view of specimen JW.121 





Oral view of specimen JW.119 
Aboral view of specimen JW.119 




Oral view of specimen JW.122 
Aboral view of specimen JW.122 
Lateral view of specimen JW.122 Sample PB.12

EXPLANATION OF PLATE k





Oral view of specimen JW.123 
Aboral view of specimen JW.123 




Oral view of specimen JW.124 
Aboral view of specimen JW.124 




Oral view of specimen JW.125 
Aboral view of specimen JW.125 




Oral view of specimen JW.126 
Aboral view of specimen JW.126 
Lateral view of specimen JW.126 Sample PB.2^
Fig. 5a
b
Oral view of specimen JW.127 




Oral view of specimen JW.1^3 
Aboral view of specimen JW.1^3 
Lateral view of specimen JW.1^3 Sample PB.16
Fig. 8a 
b
Oral view of specimen JW.l¥+ 
Aboral view of specimen JW.1^4 Sample PB.16
Spathognathodus aculeatus aculeatus Branson & Mehl
Fig. 7a Lateral view of specimen JW. ll+5 
b Oral view of specimen JW.1^5 
c Aboral view of specimen JW.1^5 Sample PB.16
Pseudopolygnathus dentilineata E.R. Branson (MORPHOTYPE T)
Fig. 9a 
b
Oral view of specimen JW.15^ 




Oral view of specimen JW.155 
Aboral view of specimen JW.155 
Lateral view of specimen JW .155 Sample PB.16

EXPLANATION OF PLATE 5
(all figures x 27.1 )
Pseudopolygnathus dentilineata E.R. Branson (MORFHOTYPE I)
Fig. la Oral view of specimen JW .156
b Aboral view of specimen JW .156
c Lateral view-of specimen JW .156 Sample PB.16
Fig. 2a Oral view of specimen JW.157
b Aboral view of specimen JW.157
c Lateral view of specimen JW.157 Sample PB.16
Pseudopolygnathus dentilineata E.R. Branson (MORFHOTYPE II)
Fig. 3a Oral view of specimen JW.I58
b Aboral view of specimen JW .158
c Lateral view of specimen JW.I58 Sample PB.16
Fig. 4a Oral view of specimen JW.I59
b Aboral view of specimen JW.159
c Lateral view of specimen JW.159 Sample PB.16
Fig. 5a Oral view of specimen JW.I60
b Aboral view of specimen JW.l60
c Lateral view of specimen JW.I60 Sample PB.16
Fig. 6a Oral view of specimen JW.161
b Aboral view of specimen JW.l6l
c Lateral view of specimen JW.l6l Sample PB.16
Fig. 7a Oral view of specimen JW.162
b Aboral view of specimen JW.162
c Lateral view of specimen JW .162 Sample PB.16
Pseudopolygnathus dentilineata E.R. Branson (MORFHOTYPE III)
Fig. 8a Oral view of specimen JW.I63
b Aboral view of specimen JW.163
c Lateral view of specimen JW.163 Sample PB.16
Fig. 9a Oral view of specimen JW.164
b Aboral view of specimen JW.164
c Lateral view of specimen JW. 164 Sample PB.16
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EXPLANATION OF PLATE 6
(all figures x 27.1 )
Pseudopolygnathus dentilineata E.R.Branson (MORFHOTYPE III)
Fig. la Oral view of specimen JW.I65
b Aboral view of specimen JW .165
c Lateral view of specimen JW.I65 Sample PB.16
Fig. 2a Oral view of specimen JW.166
b Aboral view of specimen JW.166
c Lateral view of specimen JW.166 Sample PB.16
Fig. 3a Oral view of specimen JW . 167
b Aboral view of specimen JW.I67
c Lateral view of specimen JW .167 Sample PB.16
Fig. 4a Oral view of specimen JW.168
b Aboral view of specimen JW.168
c Lateral view of specimen JW.168 Sample PB.16
Pseudopolygnathus dentilineata E.R. Branson (MORFHOTYPE IV)
Fig. 5a Oral view of specimen JW.I69
b Aboral view of specimen JW.I69
c Lateral view of specimen JW . 169 Sample PB.16
Fig. 6a Oral view of specimen JW.170
b Aboral view of specimen JW.170
c Lateral view of specimen JW.170 Sample PB.16
Fig. 7a Oral view of specimen JW.171
b Aboral view of specimen JW.171
c Lateral view of specimen JW.171 Sample PB.16
Pseudopolygnathus sp. nov.
Fig. 8a Oral view of specimen JW.172
b Aboral view of specimen JW.172
c Lateral view of specimen JW.172 Sample PB.10
Fig. 9a Oral view of specimen JW.173
b Aboral view of specimen JW.173
c Lateral view of specimen JW.173 Sample PB.10
PLATE 6
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EXPLANATION OF PLATE 7
(all figures x 27.1 )
Pseudopolygnathus dentilineata E.R. Branson (CENTRAL SPECIMEN)
Fig. la Oral view of specimen JW.17^
b Aboral view of specimen JW. 174
c Lateral view of specimen JW.174 Sample PB.12
Fig. 2a Oral view of specimen JW.175
b Lateral view of specimen JW.175 Sample PB.12
Fig. 3a Oral view of specimen JW.176
b Aboral view of specimen JW .176
c Lateral view of specimen JW .176 Sample PB.20
Fig. h Oral and Aboral views of a
5 series of specimens showing
6 growth stages of P. dentilineata
7 E.R. Branson. Specimens JW.150-153 Sample PB.16
Icriodus sp.
Fig. 8a Oral view of specimen JW.I77
b Aboral view of specimen JW.177
c Lateral view of specimen JW.177 Sample B.7
Icriodus costatus (Thomas)
Fig. 9a Oral view of specimen JW.179
b Aboral view of specimen JW.179
c Lateral view of specimen JW.179 Sample PB.12
Fig.10a Oral view of specimen JW .178 (Juvenile)
b Aboral view of specimen JW. 178
c Lateral view of specimen JW.178 Sample PB.12

EXPLANATION OF PLATE 8





Oral view of specimen JW.180 
Aboral view of specimen JW .180 




Oral view of specimen JW.182 
Aboral view of specimen JW.182 





Oral view of specimen JW.l8l 
Aboral view of specimen JW.I8I 





Oral view of specimen JW.I83 
Aboral view of specimen JW.I83 




Oral view of specimen JW.184 
Aboral view of specimen JW.184 




Oral view of specimen JW.186 
Aboral view of specimen JW.186 
Lateral view of specimen JW.186 Sample PB.16




Oral view of Holotype JW.I85 
Aboral view of Holotype JW.I85 




Oral view of Paratype JW . 189 
Aboral view of Paratype JW .189 




Oral view of Paratype JW.188 
Aboral view of Paratype JW.188 




Oral view of Paratype JW.I87 
Aboral view of Paratype JW.I87 
Lateral view of Paratype JW.I87 Sample PB.2
PLATE 8
sc tin-. ' ^ TJ5>







U SO X 1̂
7c 8c 9c 10c
EXPLANATION OF PLATE 9
(all figures x 27.1 )
Polygnathus communis carina Hass
Fig. la Oral view of specimen JW.I91
b Aboral view of specimen JW.I91
c Lateral view of specimen JW .191
Fig. 2a Oral view of specimen JW.192
b Aboral view of specimen JW .192
c Lateral view of specimen JW .192
Fig. 3a Oral view of specimen JW.193
b Aboral view of specimen JW.193
c Lateral view of specimen JW .193




Oral view of specimen JW.194 
Aboral view of specimen JW.194 




Oral view of specimen JW.195 
Aboral view of specimen JW.195 




Oral view of specimen JW . 196 
Aboral view of specimen JW.I96 




Oral view of specimen JW.197 
Aboral view of specimen JW.I97 




Oral view of specimen JW.I98 
Aboral view of specimen JW.I98 




Oral view of specimen JW.199 
Aboral view of specimen JW .199 




Oral view of specimen JW.200 
Aboral view of specimen JW.200 












Polygnathus communis comminis Branson & Mehl
Fig.11a Oral view of specimen JW.201
b Aboral view of specimen JW.201 
c Lateral view of specimen JW.201
Fig.12a Oral view of specimen JW.202
b Aboral view of specimen JW,202 




EXPLANATION OF PLATE IO
(all figures x 27.1 )
Polygnathus communis communis Branson & Mehl
Fig. la Oral view of specimen JW.203
b Lateral view of specimen JW.203 Sample PB.25
Fig. 2a Oral view of specimen JW.20h
b Aboral view of specimen JW.20^+
c Lateral view of specimen JW.204 Sample PB.2Ì+
Polygnathus lacinatus lacinatus Huddle
Fig. 3a Oral view of specimen JW.205
b Aboral view of specimen JW.205
c Lateral view of specimen JW.205 Sample PB.21
Fig. ha Oral view of specimen JW.206
b Aboral view of specimen JW.206
c Lateral view of specimen JW.206 Sample PB.25
Fig. 5a Oral view of specimen JW.207
b Aboral view of specimen JW.207
c Lateral view of specimen JW.207 Sample PB. 2k
Fig. 6a Oral view of specimen JW.208
b Aboral view of specimen JW.208
c Lateral view of specimen JW.208 Sample PB.36
Fig. 7a Oral view of specimen JW.209
b Aboral view of specimen JW.209
c Lateral view of specimen JW.209 Sample PB.3^
Fig. 8a Oral view of specimen JW.210
b Aboral view of specimen JW. 210
c Lateral view of specimen JW.210 Sample PB.24
Polygnathus cf. P. lacinatus Huddle
Fig. 9a Oral view of specimen JW.212
b Aboral view of specimen JW.212
c Lateral view of specimen JW.212 Sample PB .20
Polygnathus pura pura Voges
Fig.10a Oral view of specimen JW. 211
b Aboral view of specimen JW.211 
Lateral view of specimen JW.211c Sample F .8
PLATE 10
EXPLANATION OF PLATE 11
(all figures x 271 )
Polygnathus cf. P. lacinatus Huddle
Fig. la Oral view of specimen JW.213
b Aboral view of specimen JW.213
c Lateral view of specimen JW.213 Sample PB.24
Fig. 2a Oral view of specimen JW.214
b Aboral view of specimen JW.214
c Lateral view of specimen JW.214 Sample PB.24
Fig. 3a Oral view of specimen JW.215
b Aboral view of specimen JW.215
c Lateral view of specimen JW.215 Sample FB.36
Fig. 4a Oral view of specimen JW.216
b Aboral view of specimen JW.216
c Lateral view of specimen JW.216 Sample PB.36
Fig. 5a Oral view of specimen JW.217
b Aboral view of specimen JW.217 Sample PB.35
Polygnathus inornatus inornatus Branson & Mehl
Fig. 6a Oral view of specimen JW. 218
b Aboral view of specimen JW.218 Sample PB.36
Fig. 7a Oral view of specimen JW. 219
b Aboral view of specimen JW.219
c Lateral view of specimen JW.219 Sample PB .35
Fig. 8a Oral view of specimen JW.220
b Aboral view of specimen JW.220
c Lateral view of specimen JW.220 Sample PB.36
Polygnathus cf. P. nodomarginatus E.R. Branson
Fig. 9a Oral view of specimen JW.222
b Aboral view of specimen JW.222
c Lateral view of specimen JW.222 Sample PB.16
Fig.10a Oral view of specimen JW.221
b Aboral view of specimen JW.221
c Lateral view of specimen JW.221 Sample PB.35
PLATE 11
EXPLANATION OF PLATE 12
(all figures x 27.1 )




Anterior view of specimen JW.22k 
Posterior view of specimen JW.22k 
Aboral view of specimen JW.22k Sample PB.2
Fig. 3 Posterior view of specimen JW.225 Sample PB.12
Fig. ka
b
Posterior view of specimen JW.226 
Aboral view of specimen JW.226 Sample PB.25
ti•H 6a
b
Posterior view of specimen JW.228 
Aboral view of specimen JW.228 Sample PB.21
rig. 7a
b
Anterior view of specimen JW.229 
Aboral view of specimen JW.229 Sample PB.9




Oral view of specimen JW.223 
Aboral view of specimen JW.223 




Posterior view of specimen JW.227 
Lateral view of specimen JW.227 Sample PB.35




Oral view of specimen JW.230 
Aboral view of specimen JW.230 




Oral view of specimen JW.232 
Aboral view of specimen JW.232 




Oral view of specimen JW.236 
Aboral view of specimen JW.236 
Lateral view of specimen JW.236 Sample PB.25




Oral view of specimen JW.231 
Aboral view of specimen JW.231 




Oral view of specimen JW. 233 
Aboral view of specimen JW.233 
Lateral view of specimen JW.233 Sample PB .36




Oral view of specimen JW. 23^ 
Aboral view of specimen JW.23^- 
Lateral view of specimen JW. 23̂ - Sample FB.b
Fig.13a 
b
Oral view of specimen JW. 235 
Lateral view of specimen JW. 235 Sample PB.4

EXPLANATION OF PLATE 13 





Oral view of specimen JW. 237 
Aboral view of specimen JW.237 
Lateral view of specimen JW.237 Sample PB .27
Fig. 2a 
b
Oral view of specimen JW.238 





Oral view of specimen JW.239 
Aboral view of specimen JW.239 
Lateral view of specimen JW.239 Sample PB.2
Fig. 4a
b
Lateral view of specimen JW.240 




Oral view of specimen JW.24l 
Aboral view of specimen JW.241 




Lateral view of specimen JW.247 
Lateral view of specimen JW.247 Sample F .6
Neoprioniodus confluens (Branson & Mehl)
Fig. 7a 
b
Lateral view of specimen JW.243 
Lateral view of specimen JW.243 Sample PB.4
Fig. 8a 
b
Lateral view of specimen JW.244 
Lateral view of specimen JW.244 Sample PB .36
Fig. 9a 
b
Lateral view of specimen JW.242 




Lateral view of specimen JW.246 













Oral view of specimen JW.2^5 
Aboral view of specimen JW.2^5
Lateral view of specimen JW.2^+5 Sample PB.12
Lateral view of specimen JW.2^8
Aboral view of specimen JW.2^8 Sample PB.2
Lateral view of specimen JW.2^9
Aboral view of specimen JW.2^9 Sample P B A
Lateral view of specimen JW.250




The conodont faunas of the Upper Baggy and the Pilton Beds serve to 
confirm Goldring's (1956) interpretation of the age of these beds on the 
basis of the macrofauna. The Upper Baggy and Lower Pilton Formations 
are of Wocklumeria Stufe age, while those Upper Pilton Beds which proved 
productive are tentatively correlated with rocks of Gattendorfia Stufe age.
The absence of productive conodont horizons in the many inland exposures 
of the Baggy and Pilton Beds has restricted this study to the well exposed 
coastal section at Croyde Bay and Fremington Pill. It is unfortunate that 
between the youngest productive horizons exposed at Croyde Bay and the 
oldest productive horizons exposed at Fremington, there is a substantial 
thickness of unproductive strata which occur in a most critical 
stratigraphical position. The oldest Croyde Bay faunas are Upper Devonian, 
while the youngest Fremington faunas are probably Lower Carboniferous.
The transition in the faunas from the top of one system to the base of the 
other is thus interrupted.
Despite this interruption, the conodont faunas of the Baggy and Pilton 
Beds show basic similarities to those of the German type section, although, 
in the upper portion of the Lower Pilton Beds, forms more typical of the 
British Avonian type section are also well represented. In this sense 
these rocks can be considered to bear a mixed fauna, perhaps a response to 
a facies type intermediate between those of the 'shelf' and 'trough' seas.
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